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"This ‘Society is not for any statement made 


DESI 


AT THE “ANNUAL CONVENTION, 


«JULY 18, 1928 


The progress of humanity ‘hi always depended o on two 4 ings: 


the strength of the natural instinet; second, on ‘those necessities which : 
Mother Nature has sternly although kindly impose “upon her children, 
These conditions have the great drive wheels of the human engine, 


| - while the human mind—the reasoning power— —has been the potent Jever which 
for good or for ill, depending on the skill, the courage, the power, and the 
- inspirations of the engineer, has commanded and controlled the whole machine. 


OF Our County a 
The laws of ‘ani ise but a | compilation of the unwritten statutes of the 


Creator Clearly discernible among these may ‘be noticed the motives, the 
inspirations, the incentives, and the impelling forces, prompting through all 
_ life and ages to beneficence and accomplishment. This is exemplified by ou 


ames . Eads, i in ‘the soul | and self to the con 


™ 


; ces of Himself rere so as He spare my life and 
for t yee ‘more, I will give to the Mississippi through His Grace and by 
the application of His Laws, a deep, open, safe, and Permanent outlet to the © 


Forty-nine years have since passed and there 1 no 
Gr f 40 ft. in depth, Pass and Eads’ memory i 
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the scientific discoveries, and the mental 
ments of each succeeding generation are but the outgrowth of a clearer and a 
fuller understanding of these Laws. - What a a beneficent creation! — With delight 


we pursue; with ‘gratification, possess, There are no ‘limitations of the 1 mate- 


heard of new one- structure caching ng from Rocky Point to Rugby, 


3 3200 miles a across the Atlantic? ‘Invisible and intangible, its chords 
eb on the evening and the morning of the 


= Day, fifty-nine centuries ago; and engineering science, invention, and research 


only now the first message across this vibrant mys stery. Diamonds 


$200 000 000 ‘to build the Can al, our | engineers ‘s have 
ee: said to the United States Government, ‘ This i is a practicable and a feasible 


proposition; we ean build this great w waterway”. And within : a decade we gave 
to the world that of which it had dreamed for 400 years, making New York 
the Philippines only 9 600 miles instead of 13 600 miles, and the Golden 
OB ss from Liverpool only 8 000 miles instead of 13 800 miles, ; and we now chal- 


lenge the world for the billions of commerce of ‘the East and West and for 


the inter-coastal trade of the two Americas, — - Conquests of the Civil and Sani- | 


_ tary Engineers: Wallace, Stevens, ‘Goethals, and Gorgas! oT a 


the following ‘record of our ‘War Department was, made only a few years 
ey before the last spike was driven i in our first great transcontinental railroad i in 


1869; a record made by men who believed they were correctly forecasting the 
6s future of our present Great ‘West beyond the Missouri and ‘Mississippi, Rivers, — 


= 


rom these vast prairies s will be derived one of to 
2 iis United States, namely, the restriction of her population to some central — 
limits and thereby a continuation of the Union. They [meaning the people} 

be constrained to limit themselves to the borders of the Missouri and 

_ Mississippi, while they leave the prairies beyond, incapable of cultivation, to — 


Across these arid plains tables of « ak Great West, we see in ‘the sands 


and sage-brush the | stakes and footprints of of the Civil Engineer ; and following 4 
a. in his wake, we find the storage reservoirs, the irrigating channels, the shim- 


 mering fields of golden grain, and the Great American Desert is no.more. 


bs Instead of these vast prairies, declared incapable of cultivation, we have 


1 
on this: same territory to- day, ‘the largest, flouring mills, the greatest ‘stock 
ranges, ‘the largest. granaries, and many of the richest ore mines of ‘the world. 


sf Instead of these wandering ‘ell uncivilized aborigines we have to the west of 


or Mississippi River, the homes and firesides of 36 000 000 of our most ‘intelli- s 
. gent. people, ‘the backbone of your own a and New England’s best stock, and 


heirs of the blood and courage of the pioneer. — Instead of the aborigines’ tepee, 


Ww we have to the west of this great river, 284 ‘universities and Heparsste wealth 


on 
4 
ne 
of 
a3 
7 fot: 
a 
as 
fois 


T LID 


49) has been buried under 127 000 miles the. mos modern and well 


‘Tot _ What a marvelous development in our great transportation systems, wit 
only 23 miles of railroad in the United States in 1830 and 250 000 mile 
railroad in the United States in 1925! They have re stretched out over iin: a 
and plain, up and over the great Rocky Ranges of our West and Northwest 
into that land of sunshine and flowers, and still | on to the Yukon and Circle 
City, into a country with | a coast line of 8 000 miles, of which the half has 
4s “never been told, with 1 mile of rail for every 470 of our people against 1 mile 9 
4 of railroad for ‘every 3 050 of Continental Europe, without which our great P 
West, beyond the Father of Waters, never could have been and the ‘Louisiana 
Purchase would have been of little « comparative value—a vast empire » of 875 000 
‘sq. miles, stretching west from the Mississippi to the Great Continental ‘Divide © f | 
and north from. the Gulf to the Canadian Border. This acquisition barred se 


- forever ‘the erection ofa hostile or - foreign State, made inevitable the annexa- a 


tion of Texas, New Mexico, California, a ind Oregon, and gave birth to a new 


off 
nation of continental proportions and world influence. 


oe .. Some one will say, “capital and labor have done these great and w onderful — 


things” , and they have done their part but the inspired, scientific minds which 
conceived these great things and the constructive, courageous ‘minds which 


—— these great things are ‘superior to those instruments which ‘they have: 
_ What an epic of engineering and human progress has made possible our ; 


civilization and our Country with greater liberty, greater opportunity, and 
greater happiness ss to 


to a greater ‘number than has come ‘anywhere at any time in 


came the World War with its years. of and. sacrifice. . 
civilization had been established and it must be defended. Mindful of the 


a, past and thoughtful of « our r future, w we went forth, to protect aa: preserve our : 


of superhuman effort by : a great, a courageous, a ‘a patriotic, and a noble. people 


and we went forth to protect and preserve a world fromchaos; 
The. Founder Societies, Engineering Council, National Research Council, fa 


civilian and commissioned. engineers in all of ‘transportation and 
industry, rendered indispensable service in, the War, but their activities ¥ 


- ‘the single idea of emergency construction for war purposes ; an assemblage of 


engineering and business skill of unusual and. extraordinary. capacities, con- 
sisting: of chief engineers, consulting engineers, assistant engineers, water 


” _ sewerage experts, construction superintendents, and business men, supported by 
War Industries ‘Board with the vast resources at its HOR” ably 
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Industries Board, with ‘only advisory | pow ers, was formed in n early May, 1917," 
Fes 4 and its immediate problem was the housing of 1344000 men by September 
of that year. Before contracting any project, ° the General Staff requested and 


construction, Under such “regulations: and restrictions af 
oe favoritism in the selection of the best, available, qualified contractor and the 

possibility or probability of collusion or conspiracy between five independent 


Thi 


- Departments and | Bureaus, to defraud our Government in the great crisis, is 


y too remote for an informed or a straight- paras mind to believe and as an 


onstrue 


The ‘Division of the Army, with its i off 


cers in charge of 30 000 clerical employees and a maximum of 427 000 ieee 4 

| and mechanics, was an independent Staff Corps, without relation to the Quar- — 
termaster’s Corps” nor to the Corps of “Engineers. Prior to ‘the World War, 


with» three officers and thirty civilians, Colonel I. Littell was in 


er the construction and repair r work at the ‘Regular Army Posts, v which quar-— 
eae 100 000 men. _ Upon his retirement as Brigadier General i in 1917, af 


having worn himself out leading | his organization through the successful com- 


pletion of the first cantonment program | he was superseded by Brigadier- 


R. C. Marshall, Jr., M. Am. Soe. ©. E. 


April 6 1917, war was declared and on “April 19, 1917, 


of ‘War declared that an emergency - existed within the ‘meaning of the “Revised Bs 
Statutes: and other Statutes”, which exempted ‘war emergency expenditures 


from the. necessity of advertising for bids, and the Secretary ordered that until 


further instructed such | contracts would be so made. The immediate problem 4 
confronting the Government was the construction of sixteen National Army 
pest: Camps within a period of three months for the housing and training of 660 000 4 
re, ‘men. _ Before the construction of these sixteen camps was well under way, t the : 
Division was ‘directed to construct within two months sixteen additional 
Beet: for the National Guard with: a capacity for 684 000 men, and to be foo 
ready for the first’ contingent in two w eeks. ‘The civilian engineers and con- 
struction le leaders of the country realized that a ——— program confronted 
- innumerable other war projects on which the destinies of the overseas forces 
a In addition to the construction of the thirty-t two “National: Army and Na-- 
tional Guard Camps, this vast building program involved the construction 
DI ighye Committee consisted of William A. Starrett, M. Am. Soc. C. E., Chairman, M. ©. 
Tuttle, transferred to the Emergency Fleet Corporation in 1918 and replaced by Major Clair — 
cee Foster, C. W. Lundoff, Assoc. M. Am. Soc. C. E., Frederick Law Olmstead, and William Kelly, — 


_ Major, Corps of Engineers, U. S. A., M. Am. Soc. C. E., later transferred overseas and replaced © 
_ by John Donlin, et American Federation of Labor, with the late Leonard 
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of proving grounds, plants for the manufacture and storage of 


powder, high explosives, acids, and gases ; of flying fields for the Signal Corps 206 ak 
and Division of Military Aeronautics; of mechanical 1 repair shops for en 


bling” and repairing” of automobiles wae trucks in connection with the ‘mobile 


artillery for the Motor Transport Corps; and of embarkation facilities for the — 4 


Service; with numerous other projects of lesser magnitude. bile 
The camp and building sites for these 


topography of the ground was not now the extent a the. projects hed. not 
been determined. Sewerage, drainage, ¢ and w: rater supply had to be provided 


typical, buildings had to be designed th that. could be adapted tot the ‘sites when 
selected. it was at once evident to the ) War | Industries Board that a form of 
4 contract must be devised that would expedite construction and safeguard the 
Government's interest ; that a supervisory, administrative Governmental organ- 

Ti ization | must be set up; and that a nation- wide ‘survey of the construction 

industry must be made in order to obtain the most competent organizations 

in the construction fields, as no department | of the Government had any ade- an 


quate, up- -to- -date information on the « construction ‘industry. 


= Within 1 ‘two weeks the War Industries Board had secu red. reliable informa-_ 


> 1500 contracting companies in the United States, based on information | 
engineers, architects, the contractors themselves, and “nationally 
nown civilian engineers and experienced men were summoned byw wire: to all 
‘Under the emergency y form of contract, the Govetnient’ was enabled to 
proceed with its building program before details were completed, to push 
Ww vork & at any speed desired on any project great or small, to ¢ change the ‘Plan 
or scope of the work at will, and to get it done for such a reasonable fee as to s 

be beyond the criticism of any informed individual. 

Pin). After the thirty- two camps and cantonments had been completed and the 

nang, of concentrating construction work under a single head had been i 

_ demonstrated, the Secretary of War on October 5, 1917, ordered that all con- 

struction for every Bureau and Division of the War Department within 


ee United States, would be done by the Construction Division. This involved a 


oO 


= 


the Union except ‘Arizona. It was made ‘possible by an emergency construe- 
tion program based on n three -considerations—the | emergency form of, contract 


& 


‘Under the emergency form: of contract: the contractor was allowed the 


actual cost at the site of the project with no “overhead”, to which was added ; 
sliding scale fee, depending « on the magnitude of the job. On a contract. esti- Fs 
ated ¢ at $100 000, or less, the fee was based on 10% of the estimated cost, the 


ee cae ‘upset fee in all cases being fixed i in advance by the contract. Ona 
estimated at $10 000 000 his fee was based « on 23% of the ‘estimated 


cost, and on estimated at $25 000 000 (of which there were 


r - of hospitals with 121000 beds; of terminal ports requiring roads, railroads, 
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tat In ‘March, 1918, ‘the Secretary of War. appointed a Committee* to ‘report 
on the m of executing emergency work being done under the Construc- 


lump sum contract, and the a agency form of contraet, the: Committee’ re- 
eee ported unanimously in favor of the contract known as “cost of the work plus 
“f pete as liding scale percentage with a maximum up-set fee” and further recom- 


‘mended that existing construction organizations be used for the 


complications i in the construction industry arising from war 


cannot be better illustrated 1 than i in the unfortunate experiences of the subway 
contractors of New York City. In the years 1914 to 1916, ‘inclusive, 31 sub- 


wit Grea ott 


way contracts were awarded on a unit price basis totaling $1 25 000 000. - When a 
war was declared, there remained $40 000 000 of unfinished work on these con- 


Nine suits for increased war costs, on these contracts have been sus-— 


tained an nd settlements have been made for 100 0 000, suits are 
tats +34 


now pending (Suly, 1928). Out of t twenty 


ee = became heavily involved i in losses incident to the war, 


the other five have g gone out of business. bere moti 


be: evident from such a a record of losses. and failures on these unit 


would have been. wrecked or would 


compelled to pay prices out of all reason had unit price, been ‘adopted 


for the war emergency -eonstruetion, mop mo -botiad abe a 
od Each camp was a self- contained community with e¢ every modern facility for 
the > comfort and health of the men and ‘Camp Grant, at Rockford, Il, costing i 


000 000 was typical. had 1 1 600 separate buildings for quartering 000 
i omen and 12 000 animals, with a hospital for 1000 beds, and was ready ‘to receive 


the incoming draft forces within 24} months after construction was started. 
AS fast as these camp facilities ‘were completed , the Utilities Section of the a 


| Constrnetion Division took charge of the upkeep and operation of the heating a 
s, and the’ Ponds. Thus, the 


ate Provisions were made for supplying each of our men with 50 gal. of water . 
“per day and the animals with 15 gal., which exceeded the ‘British, Belgian, 


Canadian, French, and German supplies by 80 per cent. The greatest care and , 
sanitary ‘precautions were exercised in the disposal’ of ‘se sewage ‘and wastes by 
methods, s so that not a single casé of typhoid fever or other water- 


borne: disease was traced by the Medical Corps to impurities of the camp water 
é 


cpa  * This Committee consisted of: A. N. Talbot, Chairman, then President, Am. Soc. C. E.; 
" pongiies T. Main, President, Am. Soc. Mech. Engrs. ; E. W. Rice, President, Am. Inst. E. E.; 
_John Laurence Mauran, President, Am. Inst. of Archts.; R. G. Rhett, President, Chamber of © 
‘Commerce of the United States; Frederick L. Cranford, President, "Associated Gen. Contrs. 4 


America, Inc.; John R. Reprogentatize. Am. Federation of Labor; and Oscar A. 
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water, it is noted in “the Mexican War that the deaths: from 
g amounted to 110 per thousand men; in our Civil War, t to 65 per thousand ar, 
4 and in the Spanish- American War to 26 per r thousand. In July and August, RA. 
1918, when the: camps" and cantonments were in full operation, the death 
from disease 1 was 2.8 | per thousand, which was one- fortieth that of the Mexican 
War, less than one- -twentieth that of the Civil: War, one-tenth that of 
-Spanish- American War, and less than one-half the death | rate for men on of 
military age in civilian. life. 


by, our sanitary and water engineers in the greatest emergency this 


Hospitals’ to the number of 294 were provided at a cost of $128000000, m 
th accommodations for 121 000 patients, 000 nurses, 4 000 doctors, and 
4000 enlisted men. For the ‘Ordnance Department, 60. Projects costing 
$175 000 000 constructed, consisting of. arsenals, ammunition storage 
plants, gas plants, industrial plants, and proving grounds. At 4 Aberdeen, Md. | i 
| the proving grounds } had a plant for assembling gun carriages and artillery and : 


the largest ‘machine shop in the United States. The reservation contained i 


35 000 acres, with facilities for every conceivable test for guns and munitions; 
bombing field, 
manufacture and testing of gas shells, w 
_ Arsenal a1 and cost $30 000 000. - There were quarters at this ahaa for 12 000 


| men, with a gas- ‘filling plant having a capacity 0 of 120 000 loaded shells per aie 
— ‘facilities for the production of caustic soda, mustard gas, phosgene, and 


_ Among the larger projects . built by the Construction Division and repre- 

senting the best types of terminal port facilities, were the seven Army Supply o> 

$ Bases at Boston, Mass., Brooklyn, - N. Y., Port Newark, N. J, Philadelphia, Pa... 

Norfolk, ‘Va., Charleston, 8: O., , and Siew Orleans, La., at which were 

the vast stores for overseas shipment. - They were connected by rail to the 
fourteen interior warehouses at industrial centers, ‘such as Philadelphia, Pa., 
Baltimore, Md., New | Cumberland, Pa., Pittsburgh , Pa., Schenectady, 

Columbus, Ohio, Chicago, IIL, St. Louis, Mo.,. and Jeffersonville, Ind. 

. yt ‘These Army Supply Bases were combinations of railroad terminal facilities, 

‘Storehouses, and piers for transhipment by ocean- ‘going vessels. The 

Wy lyn Army Base, of the multiple-story type and the largest one built, has three oe 
| &story concrete warehouses connected with one open dock and three double ae 

deck piers, which provide loading or ‘unloading berths for twelve 8 000-ton 

% ships at a time, with the necessary railroad tracks and yards to facilitate opera- 

“tions. . This project was completed ‘ in fifteen months at 2 a cost of $30 000 000, 

and has a total net floor area of 113 acres. 2 These ‘seven Terminal Ports and é 

MA fourteen interior ware ehouses have a combined storage floor Space of 631 acres Ba 
F with an additional open-shed area of 50 acres. The docking space at the seven b 


Terminal Ports i is. en to berth 65 ‘ships of 8 000- ‘ton leaeoeiied at one time. 


picrie acid, on an enormous scale. 3 ite tte by 


ete roads | serve ‘these 21 projects 


| supplies. As evidence of the efficient measures taken for proper drainage, com- _ cay gq 
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struction’”* to on ‘the m nethods and for carrying ¢ on the war 


done | by the Division. and by all 
the War The Board worked for more than a year with its 


a 


igh 


tie “The Board finds that the use of this form of contract, as finally developed, 
was well justified and contributed to the success of the emergency program; — 
- that by its use, speed was obtained in war construction projects ; and that it is — 
a probable that such work could not have been performed in the time available © 
i - “The Board of Review endorses and commends the action of the War De- 
partment: in placing its construction | work under one Bureau, entirely sepa-. 
“yo, rated from the combatant units of the army, conducted with a minimum of © 
awe control, according to modern business methods. — The Board is of the 
opinion | that such construction so ‘placed was: done with | a. remarkable speed, 
was” superior in quality, was characterized by economy of design, and was as" 
- economically performed as the requirements of speed and other war conditions a 
permitted. The facts ascertained and given in the accompanying report indi- | 


War's of November and 1917 and 1918, to the President 


s ce “The assembling of an an organization and the planning ‘and execution of the 
z was undertaken with a view of accomplishing all that human ingenuity, 
_ engineering and construction skill could devise in the brief time available and 
involved construction work which was in one in view of the time limitation, 


a 


“The preparation of places for the of the recruits thus brought 


into the service, was a task of unparalleled magnitude.” wt 


spite of the stupendous ‘difficulties involved, entire enter. 
ae pebie was completed on schedule time, consisting of one of the most remarkable 
accomplishments of the war.” | iq hae 


gs “After all this the heart of our nation was saddened and our thoughts were 


mingled with hatred at the | excesses and the indecencies of some of our - poli- a 


 ticians, the greatest menace to our and the most destructive agencies 
became politically expedient ta discredit the War Administration, 


appointed the Graham Committee to investigate war expenditures. 
Three thousand pages of ex testimony were exhibited for public consump 
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+ tion at the October Criminal of the Supreme Court the 
~ Columbia i in 19 22, and the Assistant Secretary of War, with the Chairman and > 


ty 
five members of the’ Committee on Emergency Construction and Engineering, so 


indicted for defraud ¢ our Country in | carrying ‘out its: war 


the United ‘States civilian engineers their assistants, and 
i. engineers and town planners, selected by said conspirators at large fees and 
great expenditure of the public funds of the United States, the aggregate 7 
+ annwnt thereof to the grand | jurors unknown, but which they. charge was ee 


silt Relating to the findings of the Talbot Committee 


* ALW ashington; D.C. in said District, in aidof inducing and 
curing the continuance of the system of cost-plus contracts, awarded without 
competitive bidding, said defendant, . William A. Starrett, about March 12, 
ie 1918, named and procured to be ‘appointed by defendant, Benedict Crowell, as 
“Acting Secretary of W ar, a committee, of which committee, certain members ree 4 
were interested in such contracts and system, ostensibly to investigate and — ya 
-Teport on the merits of said plan and system, which committee assembled Pe =. 28 
March 14, 1918, and reported on March 15, 1918, by adopting substantially 
their report extended written statements and arguments made to them by said 
defendant, William A. Starrett and one Richard C. Marshall, Jr., then at 7 ae 
_ head of the Constr uction Division of the Army; to which report, as though it 
a report: of a thorough and impartial investigation, y was 


ig Relating to the report of the > Board of Review of f Construction: ie): idl 


* At Washington, D D C., in said District, shout June 94, 1918, 


regardless of the interests of the United States, and in aid of procuring the 
| indefinite continuance of the use of the cost-plus system of contracts without 


- competitive | bidding, said defendants, William A. Starrett and Clair bef 
to be appointed by defendants, Benedict Crowell, 
Assistant Secretary of Ww ar, a second committee composed of persons interested ae 
in said plan and system, and said conspirators then procured wide publicity to — 
given to such. committee’s report, though said report was that of a dis- 


Pa The Defendants entered demurrers to these criminal indictments and were 

Justice ‘Hoehling, of the Supreme Court of ‘the District of 


‘Accordingly, the Court is of the. opinion, and so that the demurrers_ 


filed herein be, and the same hereby severally are, sustained.” 

Civil: suits amounting to $55 000 000 were e brought « sien abe el 

cantonment contractors. in 1922 by the Attorney General and, later, 

_ tional s suit was instituted, all charging a waste of public funds with the result 
a that the men who built these cantonments, were without justification virtually pS) 


and y publicly branded as traitors. be Many technical societies and similar organi- 

' "zations follow: ed the lead of our Society and passed resolutions demanding of. 

the Attorney General that he prove his allegations. 


— with political chicanery and lacking i in 1 bills of particulars attempt- 


ly one of th these suits eve 
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ADDRESS PRESIDENT 


"subpoena the former responsible officers of the Government in his attempt 
Brave b his charges and the following former officers appeared for the Defendant: 
‘The Secretary. of War; the Chief of the Construction Division of the Army; 


pin the Chairman and Consulting 1 Engineer of the Committee on Emergency = 
struction and Engineering, and the Construction Quartermaster; the Super- 


ising Engineer and the Supervising Auditor on the job. rot fata 
as » Yet it was ten years after the cantonments were completed and five years u 
after ‘these suits were instituted when the administrator of the Department ¢ Dall 

ae Justice finally took action to dismiss the remaining eleven suits. 


criminal indictments of the Assistant Secretary of War and of the 
; ion on ‘Emergency Construction and Engineering, the clearly implied | 
charges of conspiracy against our outstanding and nationally known engineers, 


and the suits instituted against twelve of our competent cantonment con- 


tractors, indispensable in turning» the tide of war, were brazen exhibits 
indecency and a slander on the of « our ‘The tolera- 
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STHMIAN CANAL ‘SIT 


and the criteria ‘upon ‘which a forecast of the probable traffic increase is 
& based, form the basis for a graphical m nethod for predicting the saturation 
“point of the existing ‘installation. 1 The conclusion is reached that the Panama f 


~ Canal (augmented by the pending g Alhajuela Reservoir development) will te” 
adequate to handle all probable traffic until 1970. 4 ub 
choice for additional facilities to be provided | to meet future traffic 


needs is limited to the construction of additional locks at Panama and ‘the ee 
4 


es! actively renewed. The factors which limit the capacity of the Panama Canal” 


point. Fre rom this’ comparison, installation of more at is 
the logical method | for supplying future needs for additional ] Isthmian canal 


New ular periodicals, and technical journals’ Saves 
pet 


humerous references recent months to the impending inadequacy of the 


Panama Canal and to the necessity of additional Isthmian canal facilities, the 


i 
"editors has been ‘augmented by ‘the’ public ‘utterances ‘and recommendation: 


NoTE.—Discussion on this paper will be closed in December, 1928, 
+ *This paper was written in May, 1927, and, therefore, is based on data obtainable at 
that time. — Since then additional statistics and other information have come to light and 


have been added. Inasmuch as this study presents, in part, a prediction as of May, 1927, 
has not been deemed ‘desirable he by including developments 


First Lieut. ., Corps of 8. A; Dist. , Philadelphia, Pa. 
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view of the sudden interest in a problem which, 
_ enjoyed a well-earned rest for ‘more dane decade, it seems pertinent to raise 


several fundamental questions on which ¢ 1 the present and any future discussion 

“ought to be based. ‘First, when will the maximum capacity of the 


Panama Canal probably be reached _ Second, what at additional facilities will 


therefore, ‘es n of additional canal facilities is of immediate 


ap ae ‘It i is ‘the | purpose of this | paper to develop the answers to these basic qué 


cold- blooded statistics established facts, and the of opinions et 
recognized experts. Except where necessa ary for this purpose, no descriptive 


_ matter will be. included; the w ritten works of the builders of the P anama — 
~ Canal have incomparably covered this aspect. A general familiarity | 


‘existing ¢ canal * assumed. by 


maximum cap: ty of the Panama Canal probably be 


: ‘Varying arguments have been introduced to 0 show the necessity for addi- 


tional Isthmian canal facilities. Some | of these have been directly a 


‘others: only implied. _ All the pertinent points, however, can be readily clas- 
sified. Tt seems sufficient to group these arguments in two main categories— 


echnical r reasons and non- m-technical: reasons. ‘The latter designation is 


Technical ond ‘Technical Arguments. —The technical arguments that. 
should receive primary attention are those that portend an early ‘inadequacy _ 
of the ‘present ‘Panama Canal to handle the traffic offered. Such inadequacy _ 
would be evidenced by congestion due to excessive quantity of traffic or by in- — 


leading 
question of National defense. ‘The fleet | been taken 


through the Panama Canal several t times. A similar canal at Nicaragua, 


nearer Mexico and nearer the United ‘States, with new navel bases as an 
“ integral part of the development, would undoubtedly add 1 to the efficacy i 


- these naval forces. But is this necessary ¢ a The opening of new Central Amer- 


ican markets and outlets. for Central products. by Ww ay of a Nicara- 
-guan Canal is: another non- technical argument (emanating undoubtedly from 


"political, business, and banking interests), for early ‘commencement of canal 
:: construction in Nicaragua. — Out of this argument grows another—that such an 


enterprise would stimulate business through the ‘circulation of a large part « of y : 
the surplus of the United Treasury . The of particular 
argument may also have i 
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a 
surplus ‘to meet deficits” during: the long years “another canal 


Some statesmen are ‘Probably hoping to political out of their 


another o a canal more sincere, more altru-- 


feebens philanthropic— see in a new canal via Nicaragué a, not only the 
solution of the present vexing ‘Nicaraguan: but the settlement 


Ce ric problem for all time. 
these are gr rouped as non- reasons aa. to show. the necessity for addi- 


tional canal facilities. ared Yo an wit 


Present Operating Capacity. —In approaching | the basic question. 


to ask the preliminary question: What is the capacity of present canal 
and how is this capacity determined and limited ? ® ‘Concise and authoritative — 


data on this question are given* by M.L. Walker, Brig. Gen. A, M. Am. 


“§ Soe. C. E., Governor of the Panama Canal, which ‘statements form the basis 


a of the present conclusions, and, therefore, require no further proot for Cul 


li limiting factors at Panama are the operating speed of their 


ua 


"dimensions, and the water supply for maintaining the level of the summit 


: Jake. Without going into the details of mathematical computations of ' speed : 
lock operation, suffice it it say that the original designers conservatively 


estimated} that the Panama Canal would be able to handle 80 000 000 net tons” 


a 3 shipping per year. This | estimate ‘contemplated 24- hour per day operation, 


allowi ng ample ‘shut- downs for periodic repair and overhaul. Actual “experi 


ence has. borne. out. ‘the correctness of this” estimated ‘maximum ‘tonnage 


Each lock at Panama has usable clearances of 1 000 ft. of length, 110 ft. 
of width, and 40 ft. of depth. _ For commercial purposes these dimensions a 


ample. The general tendency in the . design. of commercial ve essels shows a 
departure from the Leviathan type for reasons that are not essential to to this 
di iscussion. The W. ashington Conference placed a a “damper” on competitive 


naval armament and the consequent development of ‘super- -dreadnou ght sizes. 
ad the pre-war rate of growth of battleship dimensions continued without 


abatement the limiting size of the Panama locks to- ‘day would be a gvioda 
msideration. Therefore, the construction of both: commercial | naval 


hips of such a size as would revent their transit appears at present to be only 

wats 


Rin Water Supply as a ye Factor.—The other physical factor affecting © 


OM ). abiz ies iste 
“the capacity of the Panama Canal is the water supply for maintaining the © 
LO 


vel of Lake Gatun at a height ‘to afford ample depth of channel “through 


hake summit section of the canal. As is well known the rainfall in that drain 
age area is not ideally distributed throughout the year. The supply is ample | 


In gross quantity, but is so distributed as to provide an excess of water uring» 
ve: rainy season and, generally, a shortage during the four months of the dry ¥ 
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ars”, The Military Engineer, ‘May-June, 1925. 


Bakenhus, ‘Knapp, and Johnson. 


when the capacity of the existing canal. Ww ill be reached, it is relevant 
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can always be accommodated during the rainy season— 
all lockages—but it ma Aha limited during the dry months. It has been biti 


to current belief, is not a new 
nor an evidence of improper design and lack of forethought on the ale 


Sa of the builders, ‘Neither is it a serious menace to the continued operation of 
the canal under any conditions of traffic 5 which have been encountered to date. 


The characteristics of the rainfall i in the Lake Gatun area. ‘were well known n 
a 
struction of pris dam to storage reservoir in 


Chagres Valley above Lake Gatun would be necessary before the ulti- 
mate capacity of the canal as determined by the maximum ‘number of lock- 
ages could be utilized. Accordingly, hydrological and other data have been 


~ compiled for 3 years in anticipation of the inevitable dam and reservoir con- 
struction at ‘Alhajuela, Panama, just outside (east of) the Canal ‘Zone. 
_The expected traflic in the early years of operation did not require the 


| storage basin for maintaining the lake level, 80° that this develop- 


was very" wisely left for later years. Since annual traffic is now approach- 
ing the expected stage, and since no reasons exist for believing that the ; 


“i 


B 


— 


ae i ‘Panama seasons will change their rainfall characteristics, it is now advisable 


ee and justifiable to appropriate funds for the long considered Alhajuela Dam 


construction. _ Other benefits, such as hydro- electric power, would ¢ also result 
from this project, which involves no particularly difficult. engineering pro 


| 


lems. or five ears’ time for construction and an ex enditure 


$10 000°0¢ 000 ‘to $15 000 000 will insure the continued operation of the canal 


under the maximum traffic. load of 80000 000° tons annually, regardless 


7 


Re f Panam lyzed the factors: which 
limit tty of ‘the Panama Canal, ‘the next. logical step is to. review 


_ the history of canal traffic. Table 1 , from the official ‘records of the Panama 2 

Canal, shows. the amount shipping in net tons: through the canal during 


calendar year since its opening. “These data « do not in clude U. Ss. Naval 
els and miscellaneous ¢ craft exempt from tolls, is obvious that, during” 


% the year of heaviest traffic to date (1927 ), the 26 600 000° tons ‘taxed the canal — 


bs capacity to about one-third of its maximum of 80 000 000° ‘tons per year. . This : 
fact is is entirely reconcilable with the operating policy of the canal, that is, 


to receive ships for. transit ‘during only 8 hours of the 24-hour day. In other 


“The Construction of the Panama Canal,” by Sibert and ‘Stevens. Hy 
+The 1929 Army ‘Appropriation ‘Bill, H. R. 10286, approved March “23, 1928, « con- 
Ny “$250 000 for commencing the construction of a dam across the Chagres River at 
fey Alhajuela for the storage of water for use in the maintenance and operation of the Panama ~ 

G Canal, together with a hydro-electric plant, - roadways, and such other work as in the judg-- 

ment of the Governor of Panama Canal may be meceswaty; cost: the aggregate not 


¢ “The Panama Canal, ” by ‘Hodges, Maj. Gen., U.S. A. (Retired), Am. Soc 
rofessional Memoirs, U. 8. Corps of — October-December, 1909. 
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“ward, is regularly operating at full speed and to 
"during the one~1 third | of the time traffic is Patt 


"10.878 265 


~ 


28.610 to 


per during ‘season. as bulk of the fleet has 


- expeditiously passed through the canal without interfering with routine com- 
* 


mercial trafic, simply by ‘increasing the number of ‘operating hours. Regu- 


. the locks have been ‘placed out of commission for overhaul and repair. — 4 
actually the minimum lake level has never been reached: The Panama 


has “operated and is ‘operating regularly and ‘comfortably at less. » 
third the ultimate « capacity of the present installation of locks. of 


less than one- “third capacity, therefore, can be t termed 
“condition nor nor a situation which presa 


» 


of the pe who ¥ was a member of the original 


"4 ‘miar n Canal Commission, faced a similar problem in the preparation of 
report on Panama Canal traffic and tolls as Special Commissioner fo 


President in 3 1912. Profiting from his experience and personal advice, two 
different but related criteria are introduced to study, the probable future trend 


and growth of canal traffic. ‘The first is ‘the history of traffic through | the 


Suez Canal, which is of much longer record than ‘Panama and is singularly 


oa: as an artificial highway of international shipping. The other basis ot 


The annual Suez Canal trafic from the opening, and the 


Bi. alue of the world’s. commerce in billions of dollars for the same period ie 

- given in Table 2. pit The Suez statistics are taken from the official Suez Canal e 
rf The he source of the world commerce figures i is the Statistical Abstract _ 


y the U. S. . Department. of Commerce. 
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THE ISTHMIAN CANAL SITUATION 


ar ‘The statistics of Tables 1 and 2 (Panama traffic, — cli anil world 
commerce) are charted and presented graphically i in Fig 1. The salient points 


q ‘should be noted—the apparent smoothness and_ gradual upward increase of 
Suez traffic (Curve A) from the opening» of the canal until the 
rag beginning of the V Vorld War i in 1914; the world | commerce curve (Curve 


similarly smooth and gradually the period of time, 
_ although of course it does not originate at zero in 1870; the terrific jar to the 
world’s equilibrium caused by the World War and reflected by” the extreme 


Bets ; and valleys” in the curve between 1914 and 1918; the ‘Heid and stea y 


— climb i in Panama Canal traffic during the canal’ 8 first decade of operation, as_ 


"evidenced by the steep general slope of the ‘Panama curve (Curve C); finally, 
and interestingly, too, the Panama traffic in 1926, , practically equal to’ the Suez 
traffic." The vertical seale for charting | world commerce having been | suitably | 


| 


chosen, all three of the curves under consideration virtually attain a common 


"point in 1926, , which, i in turn, permits of starting ‘at a common origin in pro- 


shile vi | + 
TABLE 2 Conan A 


Vor. D CoMMERCE. 


paren 


Canal, in 


S71 | 467 

748 

1367768 
isd 631650 
2009981 
678 

2268-332 
8 057 421 


World commerce, | Year. Suez Canal, in 
in million dollars. | 


1901 


World commerce, 


in million dollars. _ 
IGT,” 


0.905.690 

11248413 

41.907 288 3 

18 401 885 is! 


18134108 


13445504 
14728434 | 
18 633 283 10 

581 808 

(18324794 
20275120 
20 088 884. 

19409495 


5908024 
6.640.884 


15 266 155 
42825 847 
8868 918 


788187 
6890009 


«9251601 
16018802 
«7574657 
18118999 
20 748 245 er 
22730 162 
25109882) 
26-761 
26060877 
38.965 000 


) fom 

137 


se ss * Estimated ; complete official figures for 1926 not yet availab le. 


Fig. 1 is an n_ authentic ‘graphic portrayal of official statistics, 


q ody 
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1918 and 1 ‘1921 to 


f Net Tons 
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(Curve A 3; A and B of including tl ificially on 


1921 to follow immediately after the year 1913. For convenience a new curve, 7 
Curve D, has been introduced representing § Suez Canal traffic, averaged by 
‘decades. This’ smoothes out some of the minor irregularities i in the Suez Sane 
-yearly curve e. The last decade for Curve D also eliminates the- World War % 


and averages the annual traffic for the ten years, 1910 to 4913 


NOTATION 
CI B——— World Commerce 
anama Traftic 
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Canal Traffic in M 


nie 


ure comes the rub! | The prolongation of a known curve 


las the unknown future is at once a dangerous and difficult under taking, and 


as has” often been caus stically said, “ ‘figures “won't: lie but liars” will figure”. 

“The extension of a curve | beyond its known values is particularly precariou 
and its ‘reliability ‘consequently i is subject to wide differences of opinion when | 

: the length: of the projection: considerably exceeds the length of the established 


* record. ‘Predicting 4 future behavior over a5 or 10-year period from a given rec- 5 : 


ond of 50 years usually can be done fairly safely. A similar | projection of 


much shorter | eurve has many pitfalls; and a 50-year of 


year eurve is like shooting at the moon. It can be done, however, and i in 


respects it is making a similar "projection. 


the n much ‘shorter: 


necessary to determine their probable trend and corresponding probable 


ana | traffic. } ‘Temporary - local disturbances and commercial fluctuations 


ould have to be carefully studied in a prediction covering only next few 
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"years. in considering the next 50 to 100 years , unexpected, 


known, unpredictable factors. may arise, “such ‘as world-wide disturbances, 
a 
development of new trade: centers and routes, ‘revolutionizing inventions, ete., 
which events may entirely overshadow the effect of ‘any expected, known, and 


hi 


f. predictable factors. In this prognosis of canal traffic over a relatively long time, 


a: therefore, no attempt is made to analyze or predict the conditions which will — 
affect future ‘Isthmian canal traffic. “The forecast is virtually entirely 


on the background of established history ‘and tendencies. 
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Panama Traffic 
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Blraight Line Projection of Traffic Record. —Referring to Fig. 1, it is evi- 
ai den nt that a purely theoretical prolongation of the Panama Canal Curve CG 
would be practically a straight line of very steep slope. In Fig. a this the- 
4 
oretical extension has been plotted (Curve £). intersects ‘the upper hor- 
-izontal line of the graph (the maximum ultimate capacity of the canal) _ at 
about 1940. That the traffic through the canal will continue to increase at 


its past rate 80 ast reach ‘the saturation point in 1940 ‘seems highly 


4 general law of be as to the for the statistics 
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- traffic ‘since 1923 indicate normal and steady conditions after the rapid » ix 

| of the first decade. This ‘theoretical straight- line extension (Curve. EB) 

of the Panama Canal traffic curve can be interpreted a as the extreme condition — = 
in growth of traffic which would 1 result in reaching the maximum ‘canal 

ea capacity within the next fifteen ‘years, if the rate of i increase — the aul 


continues—a highly improbable condition. 


is that the present annual increment, will remain constant, , on cassump- 
tion that | the rate has probably reached its maximum during the past few 


‘years. Such an assumed condition i is portrayed graphically by a straight- line 


| i projection tangent to the curve at its last known point. _As the 1926, ‘point 

is virtually common to all three curves (Fig. 1), it affords a common origin | es So 
in the “Speculative projection of the already artificially modified curves of 
‘Fig. Curve D, showing Suez Canal traffic averaged by decades, ‘is arbi- 


selected for the construction’ ‘of the tangent ‘straight line, Projec- 
tion PF. No high degree of mathematical exactness or mechanical precision 


been resorted to in constructing» ‘this tangent for such refinements would 
in neonsistent. with the degree of accuracy to be expected in the 
result. Line F, then, which represents simultaneously a theoretical prognosis* 


Panama Canal trafiic, Suez Canal traffic, and world commerce, intersects 


ot 


is Panama Canal Adequate U “1970. —Let stated unequivocally, to 


‘forestall misinterpretation, that ‘this is not : a prediction that the Panama 
Canal will actually attain its ultimate ‘maximum traffic in 1970. ~The prob- Pa 
lem of answering the “when” question is too ‘difficult to permit of such a 
definitely accurate ‘answer. The result ‘obtained is, therefore, the probably 
- propective earliest date at which the ultimate maximum eapacity of the pres- 


pelt 


7 - The 1970 intersection is the result of an assumed straight-line projection. a 
That | such a high rate of increase will continue uniformly for ‘the next fifty 
—e is, ‘of course, possible, but it is also: more than likely that while traffic © 
continue: to increase, its rate of growth v will decline. In other words, 
— the > curve of the future i is very apt t to reach a ‘point of inflection where it will : 
:. depart from its” straight upward course and tend to become n more ‘nearly 
: horizontal. This tendency can reasonably be expected in the higher range 


of the diagram, justifying the inference that the straight-line tangent projec- 
is reasonably conservative in "predicting growth over a long of 


Had the projection been actually made on n the true curves of Fig a ee 


than on 


been a resultant later intersection with: upper 


further emphasizes the conservatism of the 1970 intersection, 
ig If the accuracy of established records, the reasonableness of assumptions, 
and the conservatism of construction methods are acknowledged, then the | 


result obtained should be accepted. Iti is believed that all these various fac 


Panama Canal 28 610 984 
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y explained and established. The conclusion there-_ 

fore the Panama Canal (augmented by the justifiable 

Alhajuela Reservoir development) 5 will probably not be 1 taxed to its maximum 


within the 1 next forty years, and it Ww ill prove adequate to handle 


sy 
‘What “additional ‘canal facilities should be prov ided the present 


‘installation. reaches its capacity? This second question is” as important as 

the first and follows it. most logically. 


ee pee Having deduced that the present canal is adequate to handle all probable 


traffic for at least forty years, it ‘seems somewhat paradoxical at this time 
to open any discussion of additional Isthmian canal facilities. Even. grant- 


at “such discussion is relevant, it obvious that any comparative 


analysis. of possible expansion projects” must be ‘made as of 1927. Many, 
the factors entering into, such an analysis: may remain materially unchanged 


art 
over a long period of time, but others” may he markedly altered as to char- 


aster and effect during the next forty years. a Physical conditions may may remain 
Practically as they are, _but_ political conditions, "particularly. in _ Central 
America, are constantly. ‘changing their ‘complexion. Social and. economic 
factors, too, are ‘not’ permanent, but are likely to vary in aspect an d influence 
from time to time, in the ensuing. discussion, thepafore,, the “unavoidable 


wit ‘Alternative Possibilities. fever, let it be assumed, for the sake of argu- 


AME 34 = 


‘ment, that the Alhajuela Dam has, been built and that the Panama Canal is 


recognized. All Isthmian canal routes other than by way of | Panama o 


Nicaragua were eliminated from “consideration. many years ago. Either s sup- 
Ser plementary sets of locks ean be ‘installed at Panama or a new canal « can 


be constructed through Nicaragua. shat oF to 


The e expansion. at Panama w ould involve the construction 0 of a third and 
perhaps, also, 2 a fourth ‘set of locks paralleling the existing tw in, lock installa- 


tion. The effect of ‘such improvement. would be the creation of a 


accommodating three or. four lines_ of t traffic where only can flow at 

present. This ‘enlargement would naturally entail some minor ‘modification 


in the. ioc existing structures, but would not inv rolve any duplication: s 


or. major changes i in the other canal essentials, namely, Gatun Lake, the sum-— 


pool, Gatun Dam which impounds, the lake water, Culebra the “ big 


— ditch” through the Continental Divide, and the ter minal harbor facilities at 


Cristobal and Balboa. a. With the coneurr ent development of all feasible plans 


for increased stora e and conservation of no a ) “need exist 


probable dry- -season. water shortage. The Nicaraguan project. 
complete | new construction starting on the Atlantic side i in the ae 


soi 
of | Greytown or San Juan del Norte, canalizing ‘the ‘San Juan River a 
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- the Nicaragua- Costa Rica 1 border, through Lake Nicaragua, piercing the Con- > 


-tinental Divide and emerging at the Pacific side in the vicinity of Brito. Pee os 
Pros and Cons of Panama and Nicaragua —The advantages and disad- $5 


A 


vantages of the Panama and Nicaragua. routes exhaustively studied by 


the Isthmian Canal and eminent authorities before 


e study of 


rom 
cussion of ‘mooted questions answers in 


accomplishments of the late George W. Goethals, M. Am. Soe. CE, the late 
General Gorgas, and others. These records, written and physical, speak for 


themselves, For convenience the comparison of the feasible expansion pro-— 


_ jects at Panama and Nicaragua has been compiled in simple form i in Table 3. rae ! 


- To accord w ith the classification of reasons in the discussion of the prob- a 


- able time of exhaustion of present facilities the comparative factors in Table 3 u ag 


are grouped under technical a and non- -technical headings. The more i import-_ i 
ant of the items will be elaborated. ‘Although - the factors listed undoubtedly 


do not exhaust the entire field, yet they are sufficiently complete for the pe 


ent purposes. They are, in general, broad enough individually te to embrace 

other incidental considerations: and comprehensive enough collectively 


TABLE 3. —Comparison or Expansion Progects.* 


‘ft. lake —|Lock (110 ft. lake level). 
miles 175 miles +. 
Excellent. Pacific, fair; Atlantic, poor. 
ship routes Stee. Intercoast somewhat met No advantage for South American trade, 
 \6to8hours. 
Notaseriousfactor, More serious than Panama. 
.|40 000 000 to 75 000 000 tons . 80 000 000 tons (twin lock) (?). <i 
to. SEED 080-000 (7), _|$500 000 000 to $1 000 000 000 ?. 
Time to complete 8 to 10 years (?). years i fe 
Central American trade . No further effect. "Slight 


4 


-. * Gorroborative evidence of reliability of the comparisons in Columns (2) and (3) can 
be found in the Official Report | of the Isthmian Canal Commission, 1899-1901, and in 
“Problems of the Panama Canal,’ "by Gen. Henry L. Abbot. 


¥ Compari ison of Physical _Features.- —Frequent misstatements have be 


> 


ade regarding some of the inherent physical characteristics of the two routes. ee 


The Panama Canal, it is ; well known, is of the lock | type with a nominal. lake 


level of 85 above the difference i in elevation is. “overcome 
Suitable foundations are 


on 
7 the two practicable expansion projects it 1s not 11 
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to be available for the shit talia a third - of locks and may exist ro 


even a fourth set. ‘From deep water to deep water at both ends the Panama — 


* Canal has a total length of 50 miles, of which 24 miles are e through Ls iad 
Gatun and 8 miles through Culebra Cut. 
‘The question of lock versus sea-level widely discussed | 
construction ¢ days; but it applied only to the Panama route. 
ab : Newspapers and magazines to- -day refer nonchalantly to the advantages of a a 
canal way of Nicaragua. Such references are little 
short of absurd. ‘Whereas, ‘the Panama route did originally ‘offer a choice 


_ between the sea- Se vel and lock alternatives, the Nicaragua route is universally 
"recognized by the Engineering Profession to to be for 


= 


a Proposed plans for a canal via contemplate the of 
‘the large existing inland body of water, | ‘Lake Nicaragua. This would neces- 
sitate > the , maintenance of a nominal summit lake level of approximately 110 ft. . 
‘above the sea. least three steps of locks, as at Panama, and probably 
four, would be required to negotiate this difference | in elevation. _ The total 
length of the Nicaragua route is” about 185 miles, of which about 100 miles _ 
would be along the crooked San Juan River which would require artificial — 
canalization. . About 70 miles would be through Lake Nicaragua itself which 
would include about 20 miles ‘of channel dredged (and ‘continuously main-— 
tained) through - the. soft mud and fine silt in the shallow southwestern part 
of the lake. © The e severing of the remaining obstacle, the Continental Divide 
near the | Pacific end, would ; require a cut perhaps 20 miles in length. This 
brief summary of the outstanding physical features of the two routes is suf- 

ficient to indicate that the the ‘Nicaragua project wo uld | be an ev even more stu- 


undertaking than the construction of the Panama Canal. This 
prodigiousness, of course, be reflected in the ultimate cost of con- 


In comparin; the of terminal harbors Panama ssesses a wide 


The existing harbors at Cristobal Balboa are excellent 


amples of the ‘most modern type of port development. At Nicaragua, two 
_ harbors 3 remain to be created. we The « one at the Pacific end could probably be 


built at a reasonable cost, | ‘but the site on the Atlantic presents unusual 


tural difficulties both for construction and maintenance. 


‘Relative Advantages for Navigation. —The difficulties to in 


ay 


- navigation are an important consideration. - The gentle curvature of of the chan- 
nel of the Panama route permits of easy negotiation. — ‘ The Nicaragua channel 


‘would be much more tortuous. _ The relative lengths of the two channels, has 
a weighty bearing on the question of navigation: difficulties, particularly in 


view of the necessity for night traffic. . Much more severe rainfall than is 


prevalent in Panama i is ‘to be expected i in ‘Nicaragua. Then, ‘the 


‘The most ardent advocates of the Nicaragua wit present, 


» the advantage of the 
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is s fully by the in time to traverse 

the canals and d the i inevitable high difference i in insurance rates caused by =— 
difference i in navigation risks. As compared to Panama the actual sea dis- 
tance e by way of Nicaragua is 666 statute miles shorter between San Francisco, 
 Calif., and New Orleans, La., and 434 miles shorter between San Francisco 


and New York, N. Y., a gain in time of approximately 48 hours and 31. hours, 
respectively, for the average modern steamship. Between the eastern» coast 
of the United States and the western coast of South America—a much fre-— 


quented trade route—the apparant advantage « of shorter distance by w: Ww ay of 
Nicaragua disappears entirely for the eastern terminus of the Nicaragua route i - 


is actually 4 farther from the Atlantic seaboard than ‘the ‘eastern end of the 7 


The time required for passing through the canals must, of course, be con-— 


sidered concurrently with the relative sea distances. At Panama from 6 to 8 -— 


hours are consumed. in traversing the Isthmus. Estimates 


vary, but the time may be conservatively placed at from 30 to 36 hours with- 
out allowing for probable frequent delays caused by forced retarding of oper- 
i Li 
ating speeds. ‘The closer. comparison ‘of the routes, therefore, on the basis of 
economy of vessel operation, shows: that the merits of the Nicaragua yom 


of Constructions—The relative possible effect of earthquakes _ 
structures and excavations along the two routes is not. considered of 
primary importance. At Panama the slides are no longer a problem 
earth tremors have never been serious enough to affect other structures. What 


the history of the Nicaragua route would be in this respect is difficult 


divine. The fallacy of a sea-level waterway, having been ] 
the claims for a any additional inherent stability and permanency of this type 
_ of construction are entirely vitiated. | J udging from past recite and natural 


i. existing conditions along the route a lock canal at Nicaragua would be ex- 


tremely fortunate to enjoy as” uninterrupted an existence ‘the one 


The influence of the utter lack facilities, such as a parallel- 
‘lage railroad along” the Nicaragua route, is obviously included in the item of 
cost of the project. It should be noted too that the availability of plant and © 
exact | knowledge of working conditions at ‘Panama permit of a cost estimate : 

: with a fairly high degree of accuracy, whereas the absence of all such facil aaa 


ities and the uncertainty of working conditions necessarily make the Ni ae : 


aragua estimates much less reliable 


Cost Estimates Favor Panama. —Although specific es estimates e been 


made as to the comparative costs in time and money of the two alternatives, 

the bases are mysteries. Since the report of ‘the Isthmian Canal Com-- 
no ssion in 1901 no further official investigation ‘his been made nor estimate | sl 
prepared of the Nicaragua project. . Neither have any recent official esti- 


mates: been prepared and published for additional lock construction at 


4 


Ds a. Estimates i in the engineering sense generally imply preliminary analyses ae! 
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= 


“undoubtedly guesses tle y repetition 


The present lack of prepared e: estimates applies with equal to 


_ the Nicaragua and Panama expansion projects. The generally quoted figures 
are from | $150 000 000 to $250 000 000 for additional lock | construction at 


: Panama and from $500 000 000° to ) $1 000 000 000 for a new canal via Nica- | 
--ragua, ° with an estimated time > of construction of 6 to 9 and 12 to 15 years, 


i respectively. a No ‘mention is made of the additional tonnage capacity which | 
will be provided by these expenditures. T of such increase will 


depend largely the design adopted, but it may be presumed that both 


projects would provide about 100%, or 80 000 000 tons per year, additional 


attempt to. arrive” at some estimates of 

slightly more reliable than mere guesses. The method is admittedly. -erude, 
ist 

but ‘sufficiently satisfactory for the rough ‘comparative purposes. ~All 


+ ‘some of which are of major importance, are purposely omitted from 


Via, 


“ts consideration. _ The report of the Isthmian Canal Coaumission in 1901, on 
which the decision between Panama and Nicaragua at that time w as finally 


based, estimated the cost. of. the Panama project ¢ at $144.000 000 and that of 
the ‘Nicaragua projeet at t $190 000 000. As actually built the Panama Canal 


cost $347 000 000. By simple proportion, taking into account ‘the depreciation | 


in the value of the dollar, the construction cost in Nicaragua in 192 i, can n be 
timated at $685 000 000. From the total cost of the ‘Panama Canal ‘it is 


difficult to segregate the cost of the locks as a separate item, but it approxi- 


mated $76 000 000. Again, by ‘simple proportion, a 1927 duplication of the 
Panama locks can be “estimated at $125 000 000. Regardless of the absolute 
accuracy of these estimates they ‘undoubtedly “indicate the ‘relative costs 


involved i in choosing between the two alternatives. avin. 
ry summary of the advantages and ‘disadvantages possessed by the 

o feasible expansion projects, as far as technical aspects are concerned, 


that the balance i is decidedly i in favo or of the Panama alternative. 


Non-Technical Arguments the same way that Sectors than tech- 

- nical have ea bearing on the nece essity for at additional canal facilities, ‘they must 
given consideration in comparing the feasible expansion projects. 
-. order of their presentation is no indication of the relative importance 


of these items, for naturally their we ight is neither constant nor commen- 


w will be 


to hostile poe The. one presents a more concentrated. 


target, ‘the other a more extensive “one. Both require foninention and de 
fensive organization on a common seal 
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NAL SITUATION 


The adage, “Tt is unwise to carry all your eggs in one basket”, a 


invoked to catch popular fancy as: an argument for a Nicaragua Canal. | ‘The — 


appropriateness of the proverb is questionable, how ever. _ The Isthmian canal 


situation is not a question of carrying eggs, but ‘of protecting “baskets. It 
has been found difficult to teach the American people the of reason- 


s. W ar correspondents Ww have witnessed 
“maneuver: ers in correctly pointed out the inadequacy of the canal 
defenses, particularly in. their air - aspect. . The necessity for fortifying another —_ 
site can hardly be expected to correct: existing defects ‘nor to simplify the 


word about prospects ‘That some impetus to local business" 


q will result i in the area rea contiguous to the Nicaragua Canal, if built, is certain. 


“a 
The field of development of Central American trade and industry may seem 4 

large, but is generally over- rated. Its possibilities certainly do not, in them- 
selves, warrant any considerable expenditures. ‘The Ni icaragua route opens" 


no new important markets o ‘or sources of raw ‘material that are not equally | 
rved or reached by the Panama route. 


“SS nternational Factors.—The final | element now deals with political con- 


ditions, _ The stability of the situation | in _ Panama, as a virtual protectorate — - 


The ‘United 

has ‘exclusive perpetual “rig 
United | States has exclusive ‘rights the “struction of the = 


be w 
or or opposed re ‘Central A on Gale ‘motives. 


some the construction of a canal via } ‘Nicaragua may be hailed as a ‘panacea to 


- cure all Central American ailments, but it is doubtful whether it would ¢ enjoy 
a very care- -free existence in the troubled times of to-day. ee. 


_The the future growth of Isthmian canal trafic 


th 


for is ever to be but extensive preparations for a 


ud ation which may be m materially altered by unforeseeable dev elopments seems 
unjustifiable. Perhaps: events to transpire in the future will place 2 a different 
complexion | on both the necessity and the advisab ability of a Nicaragua Canal. 


‘Neither appear to exist at present. | In short, the 1 problem belongs to posterity. 


7 


© 


Papers.) THE conn a 
= 
a 
of 
al 
| 
7 
the Atlantic and Lake Nicaragua is along the international boundary 
te 
| 
{ 
4 
st ms reached until 1970. The current discussions, in Congress and the press, 4 
| 
ce 
2 
ot 
it 
lly 
- 


' 


an att 


| 
| 
} | 
. — | 
‘ 
1! 
‘ 
— 


q | 


CS 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


“INSTITUTED 1852 


‘PAPERS AND DISCUSSIONS = 


This” is not al any ‘statement made | or opinion ex 
OF CENTRIFUGAL OIL PUMP 
By D. Esq. 


; - Saini ai a movement has been | growing to use centrifugal p pumps 01 on 2 oil 
: pipe lines and at refineries. Because they are quantity pumps and have such | 


“merits as low first cost, simplicity of operation, steady flow, and adaptability — 


a 
for direct connection to high- -speed machinery, pumps attract all 
industries which have to deal with pumping machinery. Whereas the effi- 


efficiency decreases when the same pump is used in a viscous fluid. r- aoe 
7 “se It is evident that, when ‘pumping oil (besides all ordinary mechanical and 
hydraulic losses, for a “viscous liquid), a new loss enters which dominates all 
the others. This is the viscosity or the internal resistance loss. 7 ~The effect 
of viscosity is to decrease the head capacity and to increase the disk friction. > 7 
‘This ‘the efficiency 0: of the centrifugal “pump correspondingly. 


e ciency of a properly designed ce centrifugal water pump runs very high, ‘this 


capacity and th the increase of horse- power which affect the efficiency of the 
‘pump. is also ‘important t to > know the limiting vi value of 


viscous oils. Moreover, as it it is a easy matter to test a ‘pump on 


"water, it is of great advantage to have a ‘method by which it is possible to pre- 
determine what a centrifugal pump of known w water charateristics will d 


the head, | and a speec 
Bis are usually obtained from an actual test 1 using water as pumping medium. | as onal . 
The ‘original i ‘ideas which will be presented in this paper occurred 1 to the 


of California. ) These by numerous investi- 


NOTE. on this paper will be closed in 
* Hydr. Jackson Pump Co., 


| 
7 
— 
a 
7 | 
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cataract RISTICS OF | 


Laboratory of the Sel son Pump Company, 


‘The following 1 notation 

a= = = the diameter at at outlet” of impeller, in 
Aw 

i = = the breadth between the impeller disks or shrouds ate dia- 


= number of vanes. 


the free exit area. at in inches = 


- kinematic viscosity of oil in | poises. 

= kinematic ‘Viscosity al water in poises = 0. said 

vane length at periphery (outlet). 

U. gallons per minute w hen pumping oil. 


. gallons per minute when pumping 


in feet, when pumping oil. oF 


in feet, when nping water. 


= horse- power. absorbed to overcome the disk friction. | 


an 
horse-power absorbed to journal and stuffing-box 


from the center of a the wall of the casing 


= = torque, in foot- pounds. 


perip era ve ocit yo 1e impe er, in feet per seconc 
heral lc ty f th He feet 
= gravitational ‘constant = 32.2. 


-angle 


= yonen 


NERAL CONSIDERATIONS 
The suitability of a for a give en service is charac- 


— ENTRIFUGAL OIL PUMP [Papers. > Pa 
" i gations made in the Tes cay 
form the basis for this pa 
= va. 
; “a = the equivalent diameter of the free area at the impeller periphery § 
=, 
ac 
vis 
a 
peti 
y. certain quantity of liquid at a given head. As the head is reduced the 9 


~The maximum value of head occurs point of, 


Theoretically, the maximum head aid can be ma 


head more or less than the calculated | 


ralue, depending mainly on the design of the impeller and of the casing. 


7 From given char acteristics, new curves ¢ an be computed for ' speeds above and a 


below the operating speed for the same ep a is possible because, it 
—T capacity va varies as power of the “speed; 
2—The head v aries as the second power | of the speed ; and, 


Fit pow er varies the third y pow er of ‘the speed. 


u It must be emphasized that this i is . correct if the variation in speed i is not 
very reat. Every pump | is designed for a certain speed and it will 


Furthermore if the impeller speed is kept constant, provided the width of 
mpeller sp 


(a) The capacity vi aries approximately as the 
The head varies as the square of the diameter and 


(e) The horse-} pow er varies as the cube of the diameter. 


These relations are true approximately. “Actually, the head drops below. the: 


— recalculated value. As a rule the efficiency of a pump falls off with the cut, 
_ although: in some instances when the runner is too large for the casing the ~ 


may improve for a relativ rely small cut. x0 
_ These laws do not hold near points at which the p pump cuts off; that | is, ; 


points that mark sudden drops of head, efficiency, and horse- -power. _ These 


dro ops occur Ww when the suction inlet of the impeller is relatively small and the _ 
rate ¢ of discharge becomes too great for the net. opening area’ of the impeller 
_ and when the pump becomes « choked. . No matter how wide « open the valve on 


“the discharge side of the pump is, the apacity stays constant. 


Dentvanion ¢ OF THE IQUATIONS 


The effect of pu 

constant speed, may be as follows: 


/1—The capacity will vary inversely as some power of the — 
A. 


( 


a tid 


aa 
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Capacity increase — 

| 
_ 
| q 
| 
a 
) 
iv 
4 
7 
np, operating at 
= 
rer of kine- 
he yvinz 7 wilt asda 


nee, the problem is to determine the various factors which affect. the 


The writer has found that n var ies directly with the quantity, G, to some — 


by 


Equation @), the coefficient may then be written, 


it 
r 


This value of nm may then be substituted in n Byuations (1) and (2), in or de 
to obtain values of Gy and Hy. = “3 


rom experiments, the values of the exponents were found to 


wit For or small values of b, ‘hie exponent, n, is very sensitive to any any variation i in 


5. For viscosities less den this, a is from an 


in viscosity, i in Saybolt seconds universal. 

The net result i is that Equation (6) becomes, 


Analyzing Equations and (2), it t may be seen that. is less than 


wey, because ~° for visco oils i is is usually greater than 1 dP Word 
In = 1, the term, becomes equal to unity, Gy 
; that i is, When liquids oem the — kinematic viscosity, th the head d capacity y 
if curves are the the hand, the term, may b become equal 


Pa 
— 
pe 
— 
with the free exit area, A, to some power, Hence, 
b 
b 
| t 
actual measurement. The value of for b, < 3 in. appeared to vary from 
| 
‘a 
| 
4 


pendent of ‘viscosity and equal “Sine U is the 


peripheral of impeller the ‘ ‘static. head” depends on the speed 
the prime mover and the dimensions of the ‘naaeiien and is practically inde- 
pendent of the viscosity. 


By studying the different factors that influence” the exponent, n, 
vossible to improve the design of a ce entrifugal oil pump. Tt may be easily a 


that the effect of viscosity n the head- -capacity decreases 
rapidly with increases in the size of the pump. — 
Derivation or THE Horse-PoweEr Equ ATIONS 


Consider, next, the horse- “power ‘required by centrifugal oil” ‘pump. 


In general, the horie- “pow er taken 2 by | a centrifugal water ‘pump is composed of | 


) horse- -power to overcome the disk friction; (2) hydraulic horse- -power ; 
and, (3) horse-power necessary to. overcome the friction in the -stuffing- 
boxes and bearings which, for a uniform 1 speed, is practically constant. = 


‘The first two items inerease with the viscosity of the liquid, and the brake 


-power of a pump operating oil, may be in terms” of 
brake horse-power of a water ‘pump by the following formula: — 


w 


The factor, ar fat is the horse- power absorbed in n overcoming the disk fric- 
‘tion water andi is equal to the difference between H Pf, corresponding to 
the outlet diameter of the impeller and the H Pf, ‘corresponding to the inlet 


Consider the first term of “Equation (9) ; thet | is, the disk friction. When 
an impeller i is revolving in a case of a centrifugal pump filled with any liquid, it 


acts as a brake. (See Fig. 1. itn is the velocity of the element at the 


to. 
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or the frictional resistance on an n element oft the area, d 


The torque necessary to rotate the disk in Tiquid is, a 


fret 


T= 


aking into account the thickness, 


“a The coefficient, is influenced by the ratio of — th 
surface, the viscosity, the density of the liquid. Many empirical equa- 


tions have been published which are a modification of Equation (15), namely, 
2 those of Unwin, Lashe, Banki, Gibson and Ryan, Le Conte, V. Zur Nedden, ete. 


<n Nearly all of them show that the horse- -power absorbed to overcome the 
” disk friction varies approximately as the fifth | power of the diameter and a as . 


the third pow er of the speed. ~The writer uses Professor Banki’ s formula: | a 
0000000961 


in feet. is 


aos 
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NT 


er Minute 


- 


d Revolutions p 


undre 


| 


Horse Power Absorbed by C Disc. Friction (Water) 
2.—From PROFESSOR BANK’ | FoRMULA For Disk 


“2 


firs 
| 
pul 
im which, V = revolutions per an = the 
17 
— 


— 
If an impeller i is revolved ata constant speed in two different liquids, say, 


‘first in water and next in a viscous oil, then the relation betw een horse- -power, 


kinematic viscosity, and specific gravity, is, 


viscosity f 


UES OF « TO BE Usep EQUATION 
mental data. second term of E quation (9) is the hydraulic horse- -power., 


hei is evident that, due to internal friction, i it takes a a greater amount of power 


>< 


to m move a more us fluid this 


pumping water. n, 


of -power in ‘order to overcome the disk friction. 


be a reasonable percentage of the total horse- power consumed | by the pump. 
This is especially important when choosing an oil centrifugal pump, because | 


a the disk friction constitutes a tremendous | loss i in such a case, , depending on the 


the ‘The problem of selection, ‘the proper number 
carefully. 


_ In pane for a centrifugal water pump not more than 5% of the row 


horse-power is allow ed for the disk friction. , W hen the required head is high | 
a single-stage ‘would require either that the diameter of the runner be be 


large or that t the pump be run at a high | speed. _ For this: reason a multi-stage 


pump, several runners relatively small diameter, operating in series, a 


viscous liquids, the disk friction may be many times greater than in 


dv. 
water, and it is alway ays necessary ‘to determine in advance whether a 


Which: is good for water is suitable for oil then a 


Ilustrative Example —Consider_ 5-in. single-stage at 
rev. min. jon d, = 104 in. 3b, = = 21 = and, ¢ = 0.31 in. 


Pap 
a 
om Fig. 3. This curve was plotted writer from experi- 
— 
— 
| 
- | 
is 


= 
“Next, predetermine the characteristics for the pump for oil with a viscosity 


675 S.s.u. and a specific gravity of 0. Then the kinematic viscosity 
poises is computed by the empirical equation, 


wale: ba 


75x 0. 550.08 = 1-405 


| The computations { for or the hea head capacity are. shown in in ‘Table 1 


0.0809 
11 800 
7760 


4570 
3020 


4 — the horse- -power for the same viscosity and ‘specific gr gravity. 
hen a pump is is lifting water, and ‘is operating at full load, 


the mechanical of the pump 97%, 
Mis. = BH Py (1 — 0.97) = 0.55 
= Next, from Fig. 2 2, the horse- pod absorbed to overcome the di 


ws 


in an impeller, 104 in. in diameter, revolving 1 750° rev. 
The H Phe the inlet diameter of the impeller i is (d, in. 


Thee tabulate the B H P, in n the as for the 


head capacity. (See Table 2.) 
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~ 


H Pe HP he 


0.0083 
0.0019 


= 394 


_ Similar curves were plotted for viscosities of 
8, and 6.) 


im 

| 


in CompuTiNG THE OIL Cuaracrenistics OF A ei. 


bested: and the m more stages it has pass, ‘the m ‘more is ‘the 

effect. The given to. the oil raises temperature. The change in 

temperature changes the v viscosity, and the drop in head ‘in the first stage 

‘ will be greater | than in the second | stage; in the second stage greater than in 
the third, e ete. Therefore, it is ‘necessary in the case of a multi- -stage pump, 
to calculate the losses in the first stage ‘and express t them in British thermal 


units; determine the in increase in look up the n new corre- 


second stage, basing the on the new Viscosity which evidently is 
less 1 than that for the first s stage. ‘After the head- -capacity and brake-horse- 
power curves are re obtained is necessary to add them to obtain 


: 
454 16.: 016 | 1.08 15.0 | 18.8 
__ Plotting the gi nst Gas 
abscissa, € Oli-pu 
; based on water performance. 
1850 and 3400 S.s.u. (See F 
7 
| q 
— 4 &g 
> 
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3+. 5.—BRAKE-HORSE-POWER CURVES FOR A INCH SINGLE- 


‘This is a very long” and tedious task for practice ‘it is 


ciently a accurate. to to calculate the head capacity, brake horse- -power, and 


* efficiency for a given viscosity for one point, usually at the operating point 


> 
in the same manner as has been ‘aeaa for a single- stage pump. This, will b z 


the first approximation. The step is to take the difference between the 


oy 
we 


a hor se-pow er input in the pump and the horse- -power output of the pump, con- 


Oil|Viscosity 
19 S. 8. U. 


_s 


Oil| Viscosity 
1360 8. §. U. 
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6.— EFFICIENCY ‘CURVES FOR A 5-INCH SINGLE-! STAGE PUMP. 


of te oil (which aries from 0. AB to 0. 508), determine ‘the ri rise in n temperature 
and corresponding viscosity. ith the new viscosity determined, the head- 
~ capacity, brake e horse- power, and efficiency “curves for the entire range may 


Illustrative , Example. —Consider a four- ur-stage p pump at 1 1750 3 rev. 


per min., which | has the following dimensions : 2 dy = 15 in.; b 


.0 (vanes filed toa point) ; and = 6. alt 


15 X — = 23.5 


ver 


{ 
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The 
Fig. 


corresponding. ‘this te temperature equals 1 1 000 Sis S.u. 
000 x 0.00216 — 1% 2 


“0 


2. 16 
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ees Fahrenheit 


rature In Degr 


Tempe 
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150 
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== 


15 20 30 40 
Viscosity in Hundred Sayboit Second Univereal 
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CURVE. 


Eoiiation ( 


a xe 0.1055) 


For the first 600; 


n = 0.0387; = = 1.23; 
= wh 
8 000; n = 0.0239; ny 
Assuming 97% efficiency of the pump and 0. 95 specific gravity 


P. = 108 0. 97) = 4.87 = a const: 


2 P fy for an impeller 15 in. in diameter, rev olving at 1750 rev. per min., : 


2.75 (from Fig. 2). . Therefore, for four (neglecting HP fe for the 


AP fy = 4X 2.7 


nd the disk horse- pumping oil, is found by Equation 


| 


BHP _ 487 X 476X095 


07.9 
The rise i in ‘temperature, i in degrees ‘Fahrenheit, is, pe 
Specific heat XG, X weight 


sok 


— 
is. if _ 
| 
| =142 1 
7 
heat 
ture 
ead- | 
may 
rev. 
= a 
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In this case, 


> 


Fahr. 


Grom bind is 800 S.s.u. the basis” for 


= = 800 x 0. 00216 
head capacity are shown in ‘Table 3 


The computations for the 
TABLE 3 


Ms 


900 | 
720 
BAB 


100 


9 000 
10 350 


Fie. 8, the. exponent, corresponding to viscosity of 800 800 S.s s. 
HP fy=sXH P (Zo. 0 x 


ux 172.30 
The for BH are given in Table 


ae 


ow All values from Tables 3 and 4 are plotted in Fig. % ‘whe the characteris 
the pump for oil are obtained. 


u. is 
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Ha) 


calculated by the derived equations, , 


head-capacity curve, 
values 


ciency” of the pu pump decreases toward the cut-off point and at this point 


eally the whole power is —— in overcoming losses. 


| 
oe a It must be mentioned that the point of cut-off waa the lower part of the 


give 


which are less than the ‘The reason for this is that the effi- 


prac- 


d in Feet 


"Total Hea 


| 
an 
evi 
4 
t 
: 
Th 
® 
tm 
— =e)". BHPyw. | H Pfw. | HP fo. | H Pm. BH Po. 
| 4500 | o.o1e7 | 1.670 | 140 | | 
7 
| 


This means that. there is a greater, heating effect and, consequent 
“greater decrease in viscosity at. points closer to. ‘the cut -off ‘point, and it 
evident that the actual head-capacity curve may from the 
head enpacity which is based on constant viscosity. 


wk 


Brake Horse- Power Curves —— 


Gallons per Minute 7 


Another point which must be emphasized is the effect of leakage. silt It is 
well ki known that the leakage past the runner wear- “rings and the casing 


rings of a centrifugal pu pump when ‘lifting water a relatively ‘great loss, 


. particularly for high heads and small pumps. It is evident that the leakage 


ra decreases with the 1e viscosity, resulting in an increase of the volumetric effi- 
of the pump. probably i is the reas reason for the increase of the 


OF THE On Cuaracreristics FOR SPEEDS 

‘Suppose a pump had been tested at two speeds with oil and the performance 


- from oil to oil was refigured for each 1 speed. How do these oil performances for 
two different ‘speeds compare ? In other words, is it correct to refigure from _ 


—agiven performance of a pump on oil at one speed to another in the 
q “way as is done for water? 


~ Since i in case of water the head varies as the square of the speed and ¢ al 
capacity as the first power of speed, A i, 


In Equations (19), (90), and (21), N N As the speed, in revolutions per minute, 
and from isa constant, a given, point, a nd is determinable for a 
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&g 
| 
| 
| 
__ 
= 
tics 
| 
Po. 
0.2 
4. 
— 
the 
give 
effi- 


a" 


™ 


> 


the capacity is tlie is four times. In ‘other 


words, when the pump is oper ated i in | water the reduction of a point | at different 
speeds follows a line of relatively ‘constant efficiency. This is a straight line 
with a a slope. of 2:1 when n plotted on logarithmic ] paper. yer, 
This is not the case with oil, however. . Expressing. Gy (E quation (8)) 


D 
The values expressed in Equations (20), (21), a 


4 substituted in and as follows: 


7 


= 
In n Equations of 
ill the exponent, 8 a funetion of of speed, the he head- -capacity 
i . Iti is, ;, therefore, 
necessary to the speeds for water and then reesleulate the perform-- 
ance from water to oil as shown . The same result will be obtained if the 
constants, C, and C., a are determined from Equations (19) and (20) and the 
6 values of ‘these constants and the ' speed, N, are substituted in Equations | (23) 
Illustrative Example. the 5-in. n. double-su suction, single- stage } 
which was us in 1 and characteristics for 1 450 rev 


From Equations (29) and (20), hod 


Substituting these values in LE ations (28) waa ey and a 


Total Head in Fee 
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Head in Feet 


Oil, Viscosity 1200 S.S..U, 
Specitic| Gravity 0.95 
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Total 
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Fic. 9.--10-INcH DouBLP- SucTION PUMP. 

= QT, 


~ fle to predetermine, 1 ith a “sufficient ee accuracy, 
performance of a centrifugal oil pump by , observing its character stics as 


obtained on water. 
ao —The effect of the viscosity is to decrease the head capacity | and i increase | 
—When the pump is working in viscous oil, the increase in -power 
‘is influenced mainly by the increase in the disk friction etl to viscosity. 
head- -capacity characteristic and “efficiency -centrif- 

ugal tie as applied to viscous oils improve with the increase of the size of 


5.—The volumetric efficiency, particularly that of a a low’ specific spec spee 
es pump, improves with the increase of the viscosity. - 


a “stage pump the performance | is improved because of the 


he in the pump by losses. _ This i is more noticeable in pumps 


Le seems that an | impeller with ‘ flat” characteristics, will be more effi- 


cient when pumping viscous oils than an impeller with ‘ ‘steep” characteristics. 


CHARACTERISTICS OF CENTRIFUGAL OIL PUMP (1723 
= 0.000205 1 49 
Hi, = 
in ‘In like fashion all the points ca 
capacity curve can be passed through . 
} 4 As an illustration of the effect of the viscosity on pumps of larger size, the —_— 
2) _ performance of a 10-in. double-suction pump is plotted in Fig. 9 for water _ 
and for oil with a viscosity of 1200Ssu. 
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T DESIGNING FOR VARIOUS DS USES* a 


By Wii TAM AM. Soc. C. 


ere: 


The define it as a public highway, 
aved or in a city, town, or) village. engineers have q 


hel d no different | view. Some years ago the writer stated that highway 
were more backward in their practice than any boned branch. of the 


‘Street Functions. —In wail dimchaei the matter in its widest s sense, 
‘ity sav be necessary to consider all the functions of a street. Broadly, they are: 


am 


a To facilitate “traffic, both vehicular and pedestrian, as much oe 


To furnish light and air that may be erected 


To 


= 


“= 


opportunity for the construction of public utilities of 


(4) To add by its to the beauty of 
the original purpose of a street was 
given in ‘the dictionaries, as cities grew in size and their, 
wants ‘increased the more comprehensive needs arose and demanded attention. 
In order to lay out streets to comply with the first principle, howev er, a full Ps 
knowledge of what. ‘the traffic will be, both as to quantity and character, — 
esential. Clearly, a ‘residential street ‘must differ from one dev oted to busi- 
ae ee or heavy tr affic, not only i in width of roadw ay, but in kind of p pav vement. 
‘The acceptance of this principle requires that it be known in advance 


we 
“whether. the community is to be as a whole for residential oF brain use, = 


ra 


Note.— —Discussion on this paper will be closed in December, 1928. 


at the meeting the City Planning Division, Denver, Colo., 
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"DESIGNING FOR VARIOUS PURPOSES  [Papers. 


“With the resid and changing developments of American cities, due to the 


birth of new activities such as the automobile, the forecast becomes exceed- 


= 


«Light « and Air. - is not not strange that the original street planners did not 


consider the provision ‘for light and air as “necessary. The buildings were 
neither high nor close together, so that ‘they formed no no obstruction. Ww hen, 
however, the streets had been built up solidly wna the structures began seal 
‘to ‘soar toward the skies, the problem. of ventilation and lighting became 


- Accommodation of Pu v of I Public Utilities. —In the present civilization when each 
— household requires so many ‘aids from “outside to carry on its daily tasks, 9 


provision must be made for furnishing them. Even within the writer’s memory 
3 it. was thought that when sewer, 4 as, and water mains had been provided, — 
8 


sub-surface. of t the street was satisfied but now, addition, there 

are ducts, or pipes, for electric ¢ steam for 


and, in some | cities, for wires” or 


subways: for the cars themselves. the these ne needs came sO gradually tha 

- first the ] pipes were located in a haphazard me manner with no attempt to keep 


recor rd of their position, In the larger cities they soon formed a regular net- 
“work ane it became a serious to find room for any new installations. 


t 


New York, N. pe P hiladelphia, ‘Pa ., systematic surveys 


made ‘to locate. the underground construction. However, space 
required not ‘only below the surface, but also on the surface and in the air. 

Where street cars are propelled by ‘overhead trolleys provision must be 


7 made for supporting the necessary wires, an epugieil point, ‘as one of the writ 
>» cardinal principles in street administration, is to minimize obstructions. | If, mee 
* however, it is generally recognized that street cars np surface are an evil, tive 
it is also true that in most cases they are a evil. Tn: some mit 


- cities the cross-wires supporting the trolley wires are attached to buildings ; the 
general ‘practice 1 is to attach them to poles erected | either 0 on the “eurb or 3 in 
ae the center of the street. In the Borough of Manhattan, New York City, n 
it 
are allowed, all: wires—telephone, electri or trolley—being laid 
Beautification of the Municipality. —It'i is quite recently that this fune- 


4 
‘tion has been considered of much importance, since city planning has receiv ye 


much, and such intensive, study. Probably one of the ‘first boulevards, 
they are now called, was built in the then City of Brooklyn, N. 


Prospect: Park to Coney Island, a distance of 53 miles, with only one 
of direction. — Iti is 210 ft. wide, with a center drive of 7 0 ft. and a 380- ft. 


-‘Park,’ a 25- ft. roadway for heavy traffic, and a 15- ft. sidewalk space on each 


the best instance’ “Beauty utility is the boulevard system 
of Chicago, Ii, which undoubtedly i is the finest i in the world. tt The topography 


prohibitive expense 
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Plans. —Few cities were laid ‘out originally 


for as their can be pretty clearly 
foreseen. St. P etersburg (now Leningr ad), ashington, D. C., and Can- 


-berra, Australia, are good examples of this. Undoubtedly, they are the 


i Peter the Great literally built St. Petersburg, beginning on May 22, 1703. 


The location was as bogey and marshy. During some of his previous travels he 


had spent nine months working in the shipyards of Zaandam, a thriving town. 
in Holland, near Amsterdam. While there she became acquainted with the gen- 

plan of that city which was founded in the early part of the Thirteenth 
Century | on land very similar to that. of the proposed City of St. Petersburg. > 
He, therefore, -adopted that plan and brought | architects from Amsterdam to 


day out his city. The historian recounts that as there were no wheelbarrows 


the earth for filling was brought in baskets, bags, and even in the skirts” 


et the workers’ clothes, 4 Also, that the laborers were brought from the sur- 


rounding countries under his control by, the ‘thousands, that 30 000 
ings were erected during the first year, , the first three being | a fort, a dean. 4 


and a hotel. He adds incidentally that owing to the unhealthy conditions 


100 000 of these laborers died i in that period. |. This was the first large capital — 


‘city -of modern times, laid out as such. 


2 When it was decided to found a capital city for the United States, 
W: ashington secured the services of Major L’Enfant, a F rench Army Enginee 
plan, adopted in 1791, was “most acceptable. While it has been ‘change 


“somewhat minor details, as a rule 1 of the ‘modifications have. bee1 


restored, and the “original plan carried out almost. ‘in its entirety. In 


writer’ s opinion it is destined to be the finest capital city in the world. on 


moan possible exception is Canberra, the new capital of Australia. Cor n 


tive ¢ designs for this city were asked by the Government and the one sub- 
mitted by Mr. alter B. Griffen, of Chicago, was accepted. ork has pro- 


ceeded to such a stage that the temporary Parliament was opened 


by the Duke of York on May 9, — 
. pte These three cities are undoubtedly the only ones laid out and constructed as - 


“capital cities for nations. . Salt Lake City, Utah, built in what was practically 


a desert, is a State Capital, _ but it was neither designed nor constructed as 
‘such, . Brigham Young, however, had the v vision of the city planner. | His idea 


city” into” blocks of ten acres with eight lots 
a block of one and a quarter acres each. The streets to be wide. No house — 
vill be permitted to be built on the corners of the streets, neither petty 
shops. Each house will have to be built so many feet back from the street — 


and all the houses parallel with each other. ‘The fronts are to be beautified ; 


se 


ar 


ie, European countries as a rule have beautiful capitals, but they — 
_ developments rather than original conceptions. — In France, Paris, for example, 
has ; a wonderful boulevard system, but, although the city existed” as a small 


; Capital i in 292 a. 1 it. remained for Baron Haussmann, who was what * 


— 
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— 


now | be known as Minister of Public Wo rks, to lay out acai 

bearing his name having been completed i in the winter of 1926-2 

-E ngland, London, as usually thought of, is made up of twenty- -nine different 


‘are 


‘municipalities, s so it is not strange that its street system is “not regular and 

logical. Vienna, Austria, is another e: apital where the original layout (inside 

the is can be dul appreciated 


“Sust grew”. L ower 


"Manhattan (New Yor ork) had plan. of its streets 
even from river to ‘river. Pearl Street, for instance, begins at State 


- Street near the Battery, runs easterly, then northerly, and, finally, westerly, Fo 


at Park Row, opposite | City ‘Hall. In 1807 a Commission was bot 

formed to. lay out a plan for the Island. of ‘Manlisttan north of ‘this lower tol 

“pres 


sec tion. | This Commission reported in 1811, "recommending the present sy ‘stem 
not 


iro! 
line 


Ty 
Boston, Mass., probably the worst street system of any of the large 
American cities. The smallness of its original pracy mitigates the difficulties. 
somewhat. Western cities, however, were as a rule mapped before they were 


- built up to any great extent. Chicago has the gridiron system ; many of the 
ww streets running east and west extend miles into the suburbs. There are V ery 


original plat of Omaha, Nebr, “provided for streets” 100 ft. 


with, 20-ft. alleys both running: east and west. The blocks were 264 by 284 
including the alleys. When the city outgrew this plat, no attempts were 


_ made to reproduce it, but the streets in the adjacent additions were laid out 
ae cording to the ideas of the property owners. This practice, however, was 


aiid _ Denver, Colo., was” planned on the gridiron system, | but t the streets run 


by northeast and southw est, the idea being that sometime during the day ‘the sun 
would be accessible side of a detached house. As in the case 


i's 
Omaha, subsequent. developments ignored this idea, 
n Macon, Ga., has streets 180 ft. wide running in one direction and 150 ft. 
right angles. The writer knows: of no city in this country other than 


Salt Lake City, that has streets of these widths. 


These’ examples show what has been accomplished in some instances by 
TT. 


real forethought, but usually with none at all. In no case does there seem to 

been an attempt to provide for particular “needs: except perhaps” in ‘the 

- Manhattan: Plan of 1811, where the streets running from the North to the 

4 E: ast River w ere laid out every 200 ft., with the idea that | provision should be 

made for river-to-river traffic, railroads not having been thought of at that time. 

so, widths were only 60° ft., , the exceptions: being 14th, 23d, 


Streets, ete, which were 100 : ft. wide and about 4 mile apart, giving 20 blocks 


a any engineering design the important considerations are: What will 
its functions and f what will it be few streets have | been 
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it would be necessary to know what was to be the character of the proposed 
community. W as it to be general, business and ‘residential 3 suburban, with 


only enough to care for the general needs; or one strictly, for 
“ness, the residences | being only for the wants o of the employees. aw —a 


latter type were constructed during the World War, 


Street t Systems. —Three street systems are in general use : (a) the s so- 


system, the streets being at right angles to each other; (b) the grid- 
a 


| iron system with diagonal streets superimposed upon it; and roy the curvo- 
system, “used mainly in residential districts. All | these are often 
somewhat, according to ‘special conditions. | 


i 


hm should be remembered that the gridiron system is the most we 
both as to street s space and the use of the } proper rty, as square e lots can be utilized — 
to advantage than ose 0 of any shape. ‘Such a a however, 


and other ornamental structures, that the 


can lan 


as that can be avoided by proper loc: ation. 


particularly adapted to P well- to-do community, but where land i is not ‘expen- 


‘sive it can be used to good advantage : for workmen’ s homes .W ithout special 


adornment it gives an attractive effect. Stuttgart, Germany, i isa a good —— 


ofthe curvolinear system. 
ae. is not easy to ascertain the probable us > of the street, but any plan 

should be flexible to some extent, so that if oc casion requires it can be an q 


fied without great expense. Cities that are ‘expected to grow considerably 
often have features that will ¢ give some idea of the probable location of the 


business district, such as, for instance, a water-front on a river, or a large 
body of water, or the location, of railroad tracks. When no such indication se 
“exists, ‘the planner m must use e his best judgment and bolster rup his decision by | 


 Widths.—Besides the location, the entire width of the street “must. be 
determined and also the width of the roadway. ‘er 
te In | deciding on the total width the first ‘consideration fa Hight and air. 


W ith low buildings, this i is : not a vexing question, but, Ww vith structures rising 
time. “to such enormous heights : ‘as are now being built in large cities, it is “a 7 
“important. Tt is generally admitted that it is not practicable to solve 


plocks problem entirely in increasing the street width. Instead, this width s should 
sie be made what the general traffic requires, and then the desired result should b 


it will "obtained i in the structures themselves by setting back the outside walls certain 


distances above « certain heights (according t to the width of the street) as the 
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; | _ The curvo-linear plan is used to best advantage in residential towns that _ 7 
os are irregular in their tops as a rule, large lots, but per- = 
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the ‘probable increase “from to year. 


few years with the enormous increase in use of automobiles. 


Consideration must also. be given to future. public se service requirements. 


it is not | enough to say that corporations should look out for themselves. 
They are eld: necessary, and the ease with which they can build their 


structures will be reflected in th the cost of furnishing their product and i in 


ve. the city is to be so large as to require surface street cars, it must 
be determined whether the wires are to be above or below ground. Tf above, 

- the location of poles must be fixed, and if below, ‘the required conduit, in almost 


“ae 


every case, vill be logically in the center of the street probably directly ove er 
the sewer. Similarly, it is important. to decide upon. the location of each 


utility, whether city or privately owned, and tot take care when is -con- 
structed that it is placed in ite: own location, wat only horizontally, verti-_ 


cally. In the case” of sewers, the street grades | often | necessitate a 


ry The Chicago Regional Planning Association has accomplished great results| 
in this way. By careful and diplomatic work it has obtained the consent of the 
‘ruling authorities to agree to one general location for all the probable utilities 
nearly all. the different towns and villages within its district. 
in near ya e 
adway Widths. —As a general proposition streets be 
warm, than in cold, climates. te Provision should be made for” streets of 

different traffic, that is, heavy trucks, passenger automobiles, ‘and street cars. 
of these uses are determined in advance, improvements will follow known > 
conditions. width, however, must be divided for vehicular and 

ape Fort 


= Three possibilities govern this division, that is, whether the street is to be 
used for wholesale or retail business, or for strictly residential purposes. 


many cities, wholesalers r receive their goods from trucks ¢ — 


‘Memphis, ~Tenn., has alleys running in 1 both directions across the locks. 
= writer believes that t the time is not far ‘distant w when goods will be received | 
= delivered within the warehouses, either in spaces especially provided for 

. on the first floor, or in the basement by means of tunnels. — ‘This system 


in use some now, and greatly relieves. congestion on the street 


mple. Asa rule, cars 
occupy the center space of the roadway, thus ereatly reducing its capacity, and 


pedestrian traffic reaches its maximum. The « of the buildings, both 
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be considered in the determination of with. division, however, is not 
"necessarily permanent, , as the curbs can be easily moved at comparatively little | 


“expense when changing conditions require. 


co ‘conspicuous example this is Fifth Avenue, New York City. 


total width is 100 ft. Originally, the roadway yay width was 40 ft., » leaving 


— walk space on each side of 30° ft., but the property owners were allowed to 
use the 15. ft. adjacent: te. their lots for areas and stairways to their first 


floors. ‘The congestion caused ‘by automobiles became 80 great that in 1908 


the Board of Estimate. and Apportionment. passed an ordinance making the 
roadway 55 ft. wide and ordering the househalders to remove the area fences ; 
and steps, permitting an encroachment of 23 ft. only. This gave space for 
‘six lines of. automobiles instead of four, as 
fully; some people think residential streets ‘should not planned 
for any through travel. - must be - remembered, however, that in this as age 
small villages ‘often find themselves the direct route between large 


“and, although in such cases the through tr affic should be by- -passed wherever — 
possible, a considerable amount of it will traverse the town. , ie residential 
“streets ¢ a careful 1 distinction must | be made between sidewalks" and sidewalk 


space, as ‘this space need not be entirely occupied. To what extent it is SO 


occupied depends greatly on its width and the size of the municipality. ae 
In laying out a residential town where property is cheap, liberal : street _ 
widths should be cused, as the ‘roadway space which is the expensive. part to 


maintain can be made as narrow as necessary, leaving the area between | the 


curb and street line to be treated as desired. Some engineers wish the walk 


to be located next the curb, while others prefer it to be adjacent to the prop- 


erty. ‘The first plan gives a larger lawn in front: of ‘the buildings, but the 
latter makes it a simpler matter to widen the roadway should it ever : become 


Ina town site designed for the use of the operatives of any large corpora- 


tion the writer believes the streets should be comparatively narrow, planned 7 
“for small cottages, so that there may be a house for each family at a avery 
small expense, instead of larger buildings oceupied by several families. _ Also, 

for ¢ a town of this character, the roadway width need not be greater than 24 
ft. in most cases. | The appearance of a wider street can be created by setting — 
| all buildings back a given distance from the street line. The ‘set- back, how- | 

ever, ‘reduces’ the size of the back yard, ‘so it is s a matter for 


whether this extra width shall be in front of, or behind, the house. 

| Peres that business streets should be wi ider than residential ones, it. 
Temains to be determined what and where they y sho ould be. The writer believes 
that, in home communities, the tendency | is to a 

hess purposes. Where no factories exist the function of retailers is mn nee 
the wants of the citizens. To have too many dealers i is detrimental, and, while 
business. property always ‘commands a higher price residential prop- 
erty, too large an area set aside for "this purpose injures a Fiat from stand- — 
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In determining roadway widths provision should be made for a specific 
“number of traffic lanes. For roads , where higher | speeds are used than in 


streets, engineers are largely agreed that a 10-ft. width } per lane i is . needed, but | 
e writer thinks a lesser width can be used in most city streets. _ An expedient 


_ that has | been used i in several districts, where the general traffic is toward town 
in the mor ning and ; aw ay from it in the afternoon, is to divide the roadway into 


designated by white strips, the number of lanes for use being mined 
by the direction of the greater traffic. a 
lanes more important use, to ‘the ‘Another expe- 
die nt for a narrow roadway i is to prov vide for | one- way traffic. This has ain 


Business Requirements. —In suburban communities one would expect to 

find the area of retail business districts to vary as the distance from the large than 

varies. To ascertain the relationship, the Chicago Regional Planning 

+ _ Association ‘made a survey of 1 nineteen cities and villages in the Chicago 
Region, ranging i in population from 3500 to 12 000. The unit of. compar 
the ratio retail business frontage actually in use to the population | 
served. d. This varied § from 36.8 to 64. 8 ft. per 100 population. _ Fifteen of the 
towns were classed as -yesidential, , and four as industrial, communities. 


-~ Kenosha, Wis., an industrial city of 52700 people, 52 miles from Chicago, | 


had a ratio of 53.9 x. , while Evanston, IIl., a residential city although adjacent 


go, had a ratio of 63.1 ft. per 100 10 population. The mean ratio. 


4 
® ‘Taking four” villages on the Chicago, Burlington, and | Quincy Railroad, 


distances of 17, 21, and 28 miles from Chicago, the Tatios were 40.8 
49.8, and 64.8 ft. respectively. A ‘study of such figures gives ‘an n approxi-- 
mate idea of what ratio should be used in determining the ne 


in laying out a residential community, 


Ornamental Streets. —As America both in size wealth, the 


+ desire to beautify its cities rapidly increased. _ This was accomplished by the 
creation of parks and by making certain streets and locations particularly 
ative. Streets are beautified in several ways by erecting notable 
a ings with pleasing | grounds : as well as monuments along the sides, by a . special 
reatment of the street surface itself, and also by artistic lighting. 


yf ‘Historians s state that ‘the ancient City of f Memphis was connected | with the 


Pyramids by a broad. ‘roadway, 2 leagues long, having a a . paved and well kept 
driveway, lined on both sides with temples, mausoleums, porticoes, monuments, 

statues » ete., in in fact, the modern boulevard. The 1 Ringstrasse (Vienna) that 
the place of the around the | old city, has its sides adorned by 
statues and monuments. The Sieges- Allee in Berlin leading to the statue of 
Bismarck, has marble groups at regular intervals along its sides. 
alii As recognized i in recent times, however, the boulevard consists of a | 
right of w special tres atment, such as the finances of the community 


ill permit. t upon—that th these streets ‘shall 
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= 
view. w. When the boulevard i is comparatively short, this. is ‘not 


so difficult. cil is better if an objective can be had at each end. ey gre abs 
os Pennsylvania Avenue, Washington, was intended to run from the ‘Capitol 
to the Ww hite House, but the Treasury Building has been constructed Across — 


shutting off this view. Unter den Linden, Berlin, running westerly from 
ed River Spree, has the Brandenburg Gates at its western terminus. eey afl 
i The Champs de Elysees, Paris, a magnificent street, runs from the Tuileries _ 


to the Place de Etoile, from which | radiates: fourteen streets, and at the 
of which is the celebrated Arc de Triomphe. Kw 


As might be expected Europe has many “magnificent and beautiful boule 


yards, as it has had oud and talented architects for many “years. America 
is beginning» to have both money and planners and the ‘desire to use them 


that with these ability to perform work so much “more rapidly 


than a hundred years ago, in a comparatively short. time its cities will hav c 

work s of which to be proud. 


Super -Highways.—The most recent development in toads: is the so- called 
“super- -highway”. . Iti is the direct. result of an established need and want, an = 


| 


outstanding example of highway construction for a use. Had any 


i 


one, a few years ago, even proposed. a road 200 ft. wide, he would have been 


considered insane. Yet at Detroit, the standard width of the : super-highway 
ago, has been made 204 ft. and the entire system comprises. 217 miles (31 mile es 

cent within the city limits) connecting cities 25 to 30 miles distant. __ Gaia Sat iN 

atio Chicago Plans. —Around Chicago, other comprehensive plans” have been» 
adopted. The Chicago Regional Planning is working on a ‘pro- 
oad, ‘Posed ‘Three- State Boulevard (Figs. 1 and 2) 200 ft. wide, extending: 
PROPOSED 
tage THREE STATE BOULEVARD 7 
MILWAUKEE - CHICAGO- | 


3 

larly THREE STATE BOULEVARD 


vecial 
LOCATION OF ROUTE 
h the 


CONSTRUCTION 
key B-D fast First Build 20’ Pavement A 
For slow “Third 20’ pavements C - Cc 
that commercial vehicles” Fourth two 10’stips D-D 
E-E For parallel parking Fifth two 8’strips 
etd M filwaukee, Wi is., to Michigan City” and La Porte, Ind. bs ‘the line dividing at 
“Chesterton, Ind. The total distance i is 183.5 miles, it is pl anned to have 
the pay ement from all railroad grade crossing The route as tentatively 
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mount of 


No shan: have been immediate construction, the 
being to have the lines adopted, that the right of can be 


obtained before real estate prices become prohibitive. Property owners along 


the route will also_ be enabled to develop their land with a view to the | 


coming improvement. his road will lie in three” States” “a nine counties. 


‘The ease with which the right of way is being obtained by voluntary dedica- 
tion by the property owners is remarkable. 


“a In Wisconsin, some of the - right of ws ay is being dedicated without cost 


ihe State or county. The State Highway Department may lay the ‘pave- 


“a where needed, because part of the: route follows on existing State. 


highway. In Tllinois, promises of right of way have been given for 

61 out of 82 miles. It is hoped that certain ‘sections will coincide with the 

State Issue System and the remainder may be paved unit 


by aid. In more than the is pro nise part 


Page County Super-Highwass. the Three- State 
are three highways, 200 ft. wide, established by the ‘Supervi isors of Du 


7 Page County, extending - from the Kane County line across Du Page County 4 


a to the west line of Cook County, connecting with leading thoroughfares into 

Chicago. All these highways v would cross ‘the Three-State Boulevard , giving 


direct connections north and south. we wish od 


The routes of the center and south roads have been delieitades determined 
and proceedings for ‘the rights of way are actively conducted, the 


roperty owners” in nearly all cases being willing to cede ‘their rights, the 


The development of the is furthered by the Metropolitan 


“Highway Association. This Association, organized to carry out this 


‘system, ‘offered: a the best d development of “the surface of these 


ads. T he plan « adopted \ was, that of Mr. R. E. Toms, of Montgomery, Ala. 4 
"The central route, known as the Butterfield Road Super- Highway, is per- 


haps the first” _in importance, | connecting as it does with the heart of the 


in Chicago, via 22d St., Roosevelt Road, and Washington. Boulevar« 
will probably be the first one under construction. . Commencing at 
a - hart, on the Fox ‘River, it will extend eastward along the present Butterfield 


Deeks 


Road i in a width. of 200 ft., connecting at the Du Page- Cook County line with | 
929d Street. There will be a 100-ft. highway connecting with Roosevelt Road 
and Washington Boulevard. Thus centrally located, it will adequately d drain : and 


handle all motor traffic from the roads leading into it from both 
the north and south. It i is not expected, course, that this plan will be 


_ carried out at once. Two one-way pavements, each 40 ft. wide, will be built 
ee: a eventually, but the idea is first to construct the outer half of each roadway, 
the remainder being completed when traffic ‘requires and are 
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STREET DESIGNING OR Vi ARIOU s RPOSES 


tions given in Fig. are Chien — 
ciation, having been approv ed b by y its Committee on Drainage, Sanitati = ak 2 


We iter Si oly. — 
Water Supnly. 


FOUR THOROFARE WITHOUT TF TRANSIT LINES 


- —362— 
<—Normal Street Width 
a LINE THOROFARE WITH TRANSIT LINES 


Standing Street Cars Standing 


-ASIX LINE THOROFARE WITHOUT TRANSIT LINES 


¥ 


3 Water on N, or W Ga Gas 


NOTE: All dimensions (except gas) are minimum” 


_ There has also 


7 


Lined 


the 

‘it _ consist, of motor equestrian paths, 
walls, all shaded by would Fequire an addition 


tas To what extent this’ be cearried out is uncertain at present, but. 
these it “it shows that the general public is interested in the beautification of 
modern city as well as material progress. Too much credit cannot be 
given to all these | planners for their forethought in providing routes to be 
and completed as future needs demand. d. By so doing, the enormous. 
expense that cities and counties have been | put to, in order to provide rights 
Ww way for necessary transportation ‘routes, will be avoided. Their efforts 
rneid 


will be appreciated and applauded by future generations. 
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ay 


APERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion ‘expressed 


THE RELATION BETWEEN EARTHQUAKES AND 


fens By Hesey D. Deweut,t M. Soo. 


The limits of this paper w ill allow but a rather ' superfic ial t1 treatment of Pthe 


“subject, but sufficient, to outline the problem, and suggest phases for dis- 
~ eussion. Much i is yet to be learned concerning the effect of earthquakes upon 
“engineering structures; much, , about earthquakes themselves ; and much, about 


stresses set up in engineering structures earthquakes. For this 


ignorance, engineers as a class, are not without blame. In general, they have 


ig 

not been enough interested to give the subject the intense study and thought — 

required to design intelligently against an earthquake. In the past the sub- 


je et of the relation of earthquakes to engineering structures has been one of = 


intermittent interest to engineers, the time being the periods between! 


It i is the geologist and have studied both the earth- 


“sake and the effect of the earthquake on engineering structures. ‘seis- 


F ‘mologist is no not, primarily, a an engineer, and frankly admits his lack of prac- 
- tical and even theoretical knowledge of the stresses and strains in engineering 
a structures. ‘Yet, because of the lack of continued interest by the engineer, it ~ 
the seismologist who has set forth the conclusions: generally accepted as 


Representing: the 1 relation « of to ) engineering 


In order to anticipate the effect of an earthquake upon engineering struc- 
tures, it is necessary to understand the cause of the earthquake and its effect 


upon the soil in which the engineering substructure is located. — In fact, if 


knowledge of thie subject were complete 3 the nature and limitations of 
the forces and deformations of the soil _ were known; the remainder of 2 


‘orr.—Discussion on this paper wiil be closed in December, 1928. eu 
_ Presented as the meeting of the Structural Division, Seattle, Wash. » July 15, 1926. 
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AND ENGINEERING SUBSTRUCTURES 


to be known, about “earthquakes is in order. In what immediately follows, 
no attempt. is made to mention specifically what is fact; what is hypothesis, 
based on the evidence available; and what is conjecture. sha ie 


Earthquakes are divided into two | classes : (1) Voleanie (2) tectonic; 


in ‘other words, earthquakes associated with volcanoes and earthquakes: re- 
from slips along fault planes, fault ‘planes divide the earth’: 
crust into. “blocks” ; hence, the aptness: of, the adjective with | the Greek : root 
4 denoting ‘ “carpentry”. _ Probably. 90% of the earthquakes of the present era, 
7 and certainly all those i in California, ha’ have been of the tectonic type. sd 7 
Certain causes, ‘concerning which one can | do little more than conjecture, 


"build up stresses between one block of t the crust cand at n 


the ‘out elastic w waves—somewhat as ‘sent 

along the ‘surface. of a pool when a pebble i is thrown into the water. 

an isotropic body (having the ‘same elastic properties i in all direc- 
tions about a point) is subjected to an internal disturbance, two principal 


- “types. of waves are sent out from the source. In the first type, the particles. 7 


ie pas along lines normal to > the v wave front, that i is, parallel to the direction : 
q 


= the wave front, or perpendicular to the direction of Daring 
4 


nately "compressed and waves” s causing phenomena 


¢ “longitudinal”, “condensational “eompressional” ‘waves. The 


econd type waves: are known as “transverse” or “distortional” waves. Note 
that, during the passage of these \ waves, the anne may | vibrate in in any direc- 


Now, when these elastic. waves pass from one 1e medium with ¢ a certain sia 


— to ‘another medium of another density, both the longitudinal and transverse 
Waves modified. | may be resolved in into four new waves, a reflected 
longitudinal, a ‘refracted longitudinal, a reflected transverse, and a refracted 


transverse. The number and types of such subsidiary waves depend partly 
on the angle of incidence of the earthquake wave, and partly | on the relative 


values of the elastic moduli of the two media. aaa ee » 
Taking into consideration | the wide variation in the densities and ‘elastic 
qualities of different parts of the earth’s -erust, it must be concluded that the 
earthquake waves which reach - any — on the earth’s surface | are complex 7 


in nature. oo In the area on the surface, immediately above the seat of diss 
called ‘the “epicenter”, ‘it is also” evident tha greater complexity 


must occur, and that waves of both types with various modifications of each 
type w ill be found. Seismographic records verify this ‘conclusion. 
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with an amplitude which increase to a maximum and then decrease. 
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ES OF Kartu UAK E DisrurBance 


some distanc ance from surface « of ‘the: th there i is sa 


seismograph will ‘show three 


displacement from the: straight line, followed by 


each lasting 1 sec., , or more. this phase, there are occasionally sudden 


ees = the motion. These vibrations are termed the “first prelim- ‘ 


is usually marked by a considerable increase ina ampli- 
first vibration is probably succeeded by irregular. "movements, 


“secon d preliminary tremors” or 


e firs st and second phases comprise the elastic Ww which have 


phase ‘are principally of a ‘compressional type 


second phase are largely of the distortional type. 


= The | third phase comprises the waves which have traveled along the surface, , 


and are of the distortional or transverse type. _ They are of a longer period, and | 
the movements, are, in general, larger and more regular than in the’ preceding 


first few s are followed by a series harmonic vibrations, 
some of which probably attain | the largest amplitude of the whole motion. - 
After these large movements, the undulations become less regular, and the 


‘Points. on the earth’s ‘surface in the epicentral zone may feel the compres-— 
sional waves coming directly from the source, their vertical | components: being» 
| 

larger than the horizontal. Inj general, however, the vertie: al e components 


summarize present of the characteristic of elastic: 


will be equal to the resistance offered, the fay 


(2) Fault planes: subsidiary to the main fault be affected and 


(3) The intensity of earthquake shocks diminishes with increasing 
7 distance from the fault of origin. _ A shock may r cause, damage to a structure 
situated m many ‘miles from the active fault plane. van bony 


(4) The intensity of the disturbance manifested depends on the nature 


the soil, the damaging effect being in loose o or alluvial soil, than in 


»Papers.] — 
is, | 
‘| 
by 
h’s 
ra, — 
a 
ire 
ing 
fthe 
out 
out 
rec- 
ipal | 
cles 
ullel 
ring 
= 
are 
The 
Vote cerned principally with the horizontal components. 
pity 
erse 
» 
cted — 
icte which 
J 
 &§ 


BARTHQUAKES A AND ENGI su SUBSTRUCTU [ Papers. - 


are greater in alluvial soils ‘hen in In the latter, ‘the wav es 


are” ‘of small amplitude and grea rt frequency— e a shiver the 
slower undulating motion that oceurs in the marshy 


es 6) In general, an earthquake begins with tremors of which | there may be 5 
or more per sec. In the principal part of the disturbance, the : aver: ‘age period 
vibration ranges from 0.5 sec. to 1.5 see third part of the | disturb: ance 
C. p 


‘iss a decrease i in intensity of the vibrations. 
(6) The horizontal of the the earthquake 
_is usually the most destructive. _ The vertical component, in general, can 44 


- ignored, although ‘there have been exceptions in which the vertical accelera- 


tion s important. The location of a structure with reference to the epi- 
_ center ¢ of the shock is the principal - factor which Te, the importance 4 


of the vertical ‘movement. 
(7) -Accelerations ranging from 0.003 g to 1.00 g (g being the 

due to gravity) have been observed or estimated i in earthquakes. An ‘intensity 
of 0.4 9 or more than 13 ft. per sec. per sec. “> a not uncommon in great ee - 
but this, as well as higher intensities, | is of such local occurrence that, from — 
= “the standpoint of general structural design, it need not be. considered. in the 
a "California earthquake o of 1906, the estimated acceleration of the shock in the 


of Third and Market San Francisco, in hard sand, miles: 


that of In the s same the ‘estimated acceleration in 


“made” and | marsh land ranged as high as 12 ft. per sec. per sec. Th hes ich 


of the structure and acceleration of the elastic wave, The horizontal 
i is ‘the product « the mass of the structure moves with the same 


wal (8) The force of the earthquake on the is dependent, on the 


horizontal ‘acceleration of the mathematically, in 


| 


acceleration of in feet p per second per second. 


‘iow the soil i is stile to shake down i in the following vilirations,, In loose, aa, 
filled ground, the initial shock is transmitted with full force on account of the 
rigidity” of the water ‘and the subsequent shaking of large amplitude, because 
the material offers little elastic resistance to distortion. my a foundation rests 
on material of high elastic resistance, the effect of the shock is very much | 
= : smaller, and a structure > built on firm rock is not likely to suffer damage unless 


it is very weak or very near the fault of if to 


ie (10) The intensity of an earthquake shock is greatest at the sur face of 


on ground. | Sir John Milne found a marked reduction i in the intensity in a pit: 
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ft. deep. There has been found to be : a difference between 
intensities at the s surface and down in mines. fat 


“Tn the zone of greatest disturbance in the Riviera ear sarthquake of 1887, ‘the 


ad ek was very W eak, or not felt at all in the tunnels of the Nice to Genoa 
Ele ay, and no one of these tunnels was damaged in the slightest degree. 
; ‘is also a marked difference i in the strength of a shock in slight hollows — 


or. excavations at the surface and on adjoining ground. For instance, in the | 
central tract of the Mino-Owari earthquake of 1891, the railway lines were > 
everywhere more or less disturbed except in small cuttings. Even if the 
cuttings were not more than 20 or 50 feet i in depth, the rails an and sleepers were 


unmoved. 


“Experiments by Sekiya and Omori at Tokio in the years 1887-1889, using 
two similar seismographs, one at the bottom of an 18 ft. pit, and the other on the 
surface within a few yards from the pit, were compared for thirty earthquakes, 


- three severe and the rest slight. For the latter, it was found that the average — 
amplitude, maximum velocity and maximum acceleration differed but little on 
the surface and in the pit, each being slightly greater on the surface. It was 
in the ripples of these earthquakes that the greatest difference was manifest, 


minimum ‘acceleration, five times as great at the surface as in the pit. — 
_ to their much shorter period, the ripples at the surface have a ‘maximum > 

~ acceleration from five to ten times as great as that of the large amon 
_ Thus, it would seem from these observations that the ripples are in great — a 
smoothed away in the pit, and that there should be much less destructive 


— 


(1) Secondary effects of earthquakes are avalanches, of 


and ‘earth; ; (b) earth slumps; earth | lurches; and (d) earth fissures. 
4 

valanches earth slumps are confined to more or less steeply. sloping 

“ground, 7 arth lurches and earth fissures occur in level ground, as well as on 


slopes. soft, sandy, or marshy ground, surface waves due to the earth-— 
quake a are often seen. These waves may have an average length of 30 ft, and 


Importance of Location —From the preceding discussion, it is is evident that 
Ped location o of engineering structures is all important. Any y structure on 


ground | that suffers actual ‘differential displacement must be injured, for it: 


must suffer the same relative displacement as the so soil 


-‘Thus, any structure on a fault line on which an an actual l elip o occurs 5 must be 


earthquake, p pr robably ‘suffer great ' Deep pile if extending 
‘through the soft ‘ground to firm material underneath, w will help ve very ‘materially, — - 


\ 
Lit remains to review briefly the probable : action of usual > types of es" 


Dams.— —The of reservoir capacity very often determine the 
of dams: over faults. The “engineer in locating such | a structure, in 
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4 seismically active regions, should have the geological conditions carefully. 
studied. . Earth- fill dams behaved remarkably well in the California earth- 


quake « of 1906. The gi great | San Andreas fault passed directly ‘through the San 
Andreas Dam on the San Francisco Peninsula. This” was an earth-fill dam, 
800 ft. long and 98 Bi high, and, although ruptured, no water escaped, and no 


“per damage The Pilarcitos Dam as 1 miles from the same 
fault | It also i is an earth- “fill dam, 95 ft. high. Tt w was not damaged. The 


‘the fault line. to a ‘change i the operating water 


- stood on both sides of the dam. ‘The dam w ‘as ruptured, but apparently not 


seriously damaged. other earth- fill dams i in the Santa Cruz } 


ere on 1 the fault line. Both w were cracked. suffered n no leakage, the 


pees fill dams were e situated on , the east side of San Fr rancisco Bay. ied had 
a concrete facing. Although these were shaken, appreciable 


_ which a surface slip of from 6 to ' ft. took place. The longitudinal | axis of 


dam. was parallel to the fault. 2 No damage resulted. Had the axis been 


perpendicular to the fault line, the result might have been disastrous. i’ 4 
In the Santa Barbara earthquake of 1925, the Sheffield Dam, situated on 


7 one of the fault planes believed to have been : active, failed. i The dam, however, 


is said on good authority to have had | known weakness. 
general, it would seem that as against earthquake damages, earth- fill, 


dams are comparatively safe. In the order type, with respect ‘to 


146 ft. high, was a few | hundred feet away the fault 


ae against earthquake, it would seem reasonable to place the concrete gravity 
_ type second. The writer knows of no cases of rock-fill or multiple- arch dams 
having been to heavy earthquakes. The possible rupture. of the 
concrete faces of the rock-fill dam, and the weakness of the arch against ¢ dis- : 


tor ortion, leav es no doubt as to the weakness of the two types for resisting earth- 


ail Pipe Lines.—The question of earthquake damage in the case of pipe lines is 
even more a question of location than in the case of dams. Pipe lines crossing ie 


fault slip will be ruptured. The great San. ‘Francisco fire of 1906 whieh. 


eee 


followed the earthquake, was the result. of broken pipe lines. | _ Pipe lines on 

— ground in which actual displacements | oceur, will be ruptured irrespective 

of the material of which they 3 may have been constructed. use of trusses” 

carry such pipe lines over ered will not save the line, as was 


Sewers. —The same comments on pipe lines apply to to sewers, particu- 

to lines of vitrified pipe. Reinforced concrete pipe should fare better. 

i Tunnels.— —Observations on tunnels, lead to the conclusion that , in general, 

they. are affected only by the displacement o1 or loosening of the material in the 

sides and roof, caused by the shaking ground. Z Careful geological investigation 
of the site, and proper provision for the conditions | found, will give > safety. 


> actually crossing an active fault, tunnels in rock would seem to 
ie 
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reasonably safe from damage, even endl close to the active 


ive fault. 
in earth, near an active fault, may be made ‘fairly : safe by proper timbering. at 


Bridge Piers and Abutments. —This class of e engineering substructures has 


fared badly i in many cases in heavy earthquakes. — It is probable that no bridge | 


pier was ever _ designed to resist an e earthquake in the sense that a definite — 


acceleration of the ground was considered. 


J Foundations.— —The value of deep foun 


dations for protection ag ainst an 
earthquake s seems quite definitely proved, although the the quantitative a 


not known. 7 Could the structure be kept free from 1 actual contact with the 


upper, or surface, ground, except by slip-joints, the evidence available points - to. 
the co conclusion that much of the energy. of the earthquake would n never r reach the 7 
superstructure. ‘The relation of the fault line to the superstructure, ¢ as deter- 


mining whether the structure lies within the probable epicenter, is pone e 
an important factor i in the case. 


Consideration of. “the nature disturbances of the soil during the 


passage of the elastic seismic wav es, points” to the value of a unit founda- 


tion, as a reinforced concrete mat, under a building. _ When this is economically 


heavy: ties, as of reinforced _conerete, between the “individual 


In the California earthquake of 
1906, ‘well designed foundations of various “types were reported to have with- 


ood the shock, irrespective of type. ‘The evidence in this case was largely 
egative, as few foundations could be 


_ Personal observation of ‘some relatively heavy unreinforced concrete ae a 


foundations Santa Barbara, which were sheared by the e earthquake, 
of “eold” construction | joint: planes of “weak- 


_ emphasizes the great danger 
ness against ea earthquakes. ~The shock of the earthquake i is tr ransmitted to the a 
building through the foundations. _ ‘The force i is ‘measured in terms of the 

mass of the superstructure, not that of the foundation alone. _ The: swaying is of 
the superstructure resulting from the application of this oscillating force may 7 
- 7 reverse the bending | due t to the n nor mal vertical loads, ,in portions of the founda- 
tion. = The writer has observed shattered footings that ‘apparently had — 
almost pulverized by rocking of the superstructure. | ‘The plentiful use of 
reinforcement in foundation piers and is of. importance 
the foundation s0 that it of earth-— 


n 


FE nara the structure is to be constructed; (3) the nature and type of the s1 super- 
Structure ; n or nd 
n earthquake; and (5) the design of the substructure - for the assumed 
‘ acceleration with a reasonable factor of safety. Unity of substructure, as far 


_as is reasonably warranted from the standpoint of cost, is a desideratum. | 
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BASE MAPS FOR REGIONAL PLANNIN aa 


now developing. in m uch. the same loose, disjointed, and uneconomical 
manner. A “region” ’ is a super- city produced by the modern forms of rapid. 


transit and the automobile. tn may be merely an enlarged city with a common x 


mercial and industrial center; or ‘it may be a group of cities that have 


F- - ‘Just as American cities have dev eloped without comprehensive plans, regions 


grown into a large metropolitan community with common y physical or economic: 
conditions. A region may be a very large area and not a metropolis, as, for. 


instance, the wried but for purposes of this paper it will 


To deal s with to be met in first 
is necessary to have intimate knowledge of the physical characteristics of the 
a region, since these will control the character and extent of growth and the- 
“nature of. plans to be adopted. The basic p purpose of regional planning i is the 
_ adaptation of an area to its best form of human occupancy—providing f for the 
and economical opportunities to dev elop commerce and industry and 
distribute ‘population in a ‘manner producing the ‘most agreeable living 
conditions with ample opportunities - for the enjoyment of life. 2, City planning — 
| has n not yet accomplished these objectives to any marked degree, for most city 
growth took place in advance of the time when the need for comprehensive | 
“planning was fully | understood and appreciated. It is hoped that the recur- 
rence of wasteful mistakes experienced in city growth will be prevented by 


plenning in advance of regional development. 


(2) plans for improvement ‘certain. regulations. to insure a 
social structure; and (4) the necessary legal ‘machinery to enforce >and 


Notes. —Discussion on this paper will be closed in December, 1928, 


-_ * Presented at the Joint Meeting of the Surveying and "Mapping Division and City 
Planning Division, New York, N. Y., January 19, 1928. 


(Harland Bartholomew &A sociates), St. Louis, Mo. 
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BASE MAPS FOR REGIONAL PLANNING 


opr protect ‘the | plans. ‘First: foremost however, is the knowledge of f physical 
conditions. The phases of pla 
= the characteristics of the region; hence adequate maps 


g are ‘obviously fundamental. 14 a 
e require- 


/ ments in in ‘the form of base maps wi will be much ey same. . Except in n unusual 


~ instances the maximum dimension of a ‘region will be approximately 100 miles, - 
since” modern forms of rapid transit rarely distribute people appreciable 


_ numbers bey ond | a 50- mile radius. Ww hile some further improvement in air . 


transport may quickly expand this radius, the requirements for base maps for 
regional planning ‘should not be materially changed. cities: and regions: = 


7 without rapid transit, 20 miles appears to be the maximum ‘radius of distribu- a 


“tion using the automobile and or rdinary surface transit. This means 
an ‘maximum dimension of approximately 40 10 miles tc to be considered i in the adoption — 


7 of fa pase 1 map. ap. A 50- mile radius, or even a:20- mile : radius, covers a large area. 
‘In most regions the area will not be circular, because of the initiates 
the « ocean at San Francisco, Calif., Lake Michigan at Chicago, Ill. , or the 
- mountainous areas about Los Angeles, Calif. These physical features greatly 
reduce in size the actual areas to be dealt with | in any detail. ‘The extent 


of the areas to be covered, however, produces problems in mapping from the — 
standpoint of cost and of securing accurate information and charts of usable | 
‘The purposes for which base maps are needed i in regional planning m may b 


.—For basic information, field and office 


—For accurate designing and cost estimating. 


wh It is suggested that the scales of these maps should be, viigieainoaley, 2 miles — 
to the inch, 2 000 ft. to the inch, and 200 ft. to the inch. 


Regional planning that is ‘scientifically undertaken, as from 
‘that which is piecemeal or opportunist, depends on a broad knowledge and 
understanding of the conditions. A map at a scale of 2 miles to the inch 
should show water areas, rivers, and streams, low-lying or ‘swamp lands, forests 
and wooded tracts; also elevations by 25 or 50- ft. contours, , political boundaries, 


facilities for’ communication (roads, highways, streets, , railroads, and 


maximum diemenbion of slightly m more than 4 ft. ‘would for a region 

, 4 of a 50-mile radius; and one of less than 2 ft., for a region of 20-mile radius. 
Such maps are usable. They would be of service ‘primarily as a basis for 

’ illustrative drawings and diagrams, , such as a relief map showing physical 
conditions and topography; a map showi ing areas dominately ‘suited for urban 

occupancy, agriculture, or open ‘Space reservations ; a map showing population — 


of distribution, a broad scheme of transportation, including rapid transit facili- 


ties, streets, and highways; and similar studies. - Regional planning, like all: 
public movements, public understanding, Suppor 
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MAPS FOR, REGIONAL PI 

This small map would be highly useful for the reproduction of. studies in 
thoroughly | legible manner. There need be particular sacrifice of accuracy 
or attempt at precise measurements in such drawings, although on the other 
f hand there need be no deliberate distortions of scale in fact presentation. 


The map to a 2000 ft. scale should contain all the information previously 


ggested for the smaller size. ‘Tnereased accuracy detail and of delineation 

sp pecific areas, such as 8 swamps and forests, of stream alignment, of 

loser r contour | elevation would be possible. 7 Except where grades are unusually | 


= the contour interval should be | approximately 


is the principal base to used in tegional planning. It would 
t., for a region | of mile 
radius, and a maximum of | 8 ft, for: a region of 20- mile radius. 
Because of the large ‘size, it would have to be made in sections as is done by 
the U. ‘Sz Geological Survey. F For field work and for various office studies 
‘many sections as might be needed could be put together - for whatever us 
desired or for whatever section of the region might be under consideration. > 
* ull maps ¢ of the entire region at this scale would be used chiefly as wall maps. 
Practically all studies would be made on ‘this base map, - such h as existing 
uses of land, industrial, commercial, residential, agricultural and recreational; 
population distribution; population density ; existing railroads | and terminal 
faci ities, interchange points and classification yards; existing main highways; 5 
freight traffic handled by railroads; passenger traffic handled by 
railroads; drainage districts; areas served by sewers and water; and all such 


pe 


factual studies information of value to bet used i in the : actual prepara- 


“proposed zoning. Except | where very” irregular: this 


would serve most satisfactorily for the preliminary location | of individual 


s, bridges, parks, and delineation of districts for zoning 


Regional planning would be w w vell- nigh but the splendid 
published by the U. 8. Geological Survey. In many disiricts these maps are 
quite old; or they 1 may be. of + varying scale; or they - may not even yet have been —_ 
made. ~The 4 000-ft. scale, the 1 mile to the inch, are most commonly found, — : 
however. a. If the 2 000- ft. scale could become standard, | it would be highly — 
4 “desirable. It has been | the basis for studies ‘undertaken by the e New York, N. wy. 
Washington, D. ., and Los Angeles regional planning organizations. In 
Los Angeles area a revision of the old maps was recently ‘completed by the 
Geological Survey through the use of airplane photography with 


co-ordinated ground control. _ The result is a most useful and up-to-date 1 map 


with a a ‘Sufficient de degree of accuracy to be entirely satisfactory for regional 
planning purposes. Students of regional planning: should be among the fore- 
ak advocates for early completion of the entire mapping work : yet to be done 


S. Geological Survey. 
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R egional planning authorities are not charged with the execution of 


planning projects. _ For many years at least the actual exec ution of work will 

rest. with local governmental agencies , such as municipalities, counties, and — 

pres commissions, such as park boards. It i is to be assumed, therefore, that _ 


a small seale > map of a high degree of accuracy for the entire region will neither — . 1 


ibe available nor possible of many years, The earlier such 


"scientific planning; but. until authorities | are actually with 


the execution of public work, it is not probable - that small scale n maps of great 
P accuracy will be secured, except in the areas where local governmental agencies 


A map to a 200-ft. scale with 2, 3, or 5-ft. contours should be in the pears 


n of every municipality of any size. . The City of St. Louis, Mo., has had 
poet map since 1895. The topographic maps of Baltimore, Md. , and of 
‘incinnati, Ohio, are well-known examples of good base maps. Pittsburgh, 
-a., is now engaged in the preparation of such - map based on a precise ‘survey 

‘with: 24 and 5 “ft. contour intervals. — Portions of Allegheny County are 


to be included. _ This) will prove to be a most va valuable. base map for regional 


i It i 1S interesting to note that the prepar ation of city plans i in ‘recent ‘years | 


4 has led to the undertaking of accurate topog raphic base maps in numerous — 
smaller such | as Schenectady, N. and “Such | 


Little has been said here of serial maps. ‘The: 
“is almost indispensable regional planning. does rive the “very 
accurate and necessary dimensional information except when undertaken 
conjunction with ground control ; but it does give information that 


survey Jack. actual char: acter of terrain, of built- areas, 


find it ‘of increasing use se cale il vary a 

of uses to be made of it. bi Ney ossibly a 500. to 1000-ft. scale would prove most 

practical in the majority of cases. The ‘oblique photograph from. the air is 


In conclusion, ‘it should be good base are a first 


ican cities the toe years, ‘more a more attention w 
have to be given to the preparation of adequate base maps of sever al ¢ differ nt 


sizes, supplemented by air maps. Of 7 par ticular value to regional planning 
_ work in all cities and regions are the maps prepared by the U. S. G jeologival 
vey. Incre ased appropr’ iations for that i important Government Department 


will ‘greatly facilitate the cause of regional ves 
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is not responsible for any ‘statement “made or opinion express 


ANDARD| CITY ENGINEE SURVE EYs 


_ American cities need comprehensive engineering surveys as a basis for 


ope ration and planning. Since, generally speaking, fundamental conditions| 

in all of them are very similar, it ‘seems 1 reasonable to assume that the onl 


program which proves satisfactory for one, will serve with little modification 
for all. The adoption of a standard p program and its continued, successful 
over considerable periods by numerous, widely scattered cities, would 


‘seem to “establish ‘both its need and its universal applicability. A consensus: 
of practice in regard to the schedule of necessary survey information does exist, q - 


and this schedule is found in operation in those cities which are most com- 


pletely equipped in this ‘respect i ‘is the 1 purpose of this paper to discuss — 
this program, or schedule, to tell how it is commonly initiated, and to describe 


schedule of these e: engineering surv eys will be termed ow City Survey. 
In the meaning herein used, this | includes — only the physical, or engineer- 


ing, surveys of metropolitan areas. It i is recognized that other basi surveys 


necessary to. secure data on social and economic conditions, these a are 


orm metropolitan area is a Surveys “for a annot be 
definitely described, since its limits are dependent on interpretation, and may 


embrace anything from the smallest group of ‘related communities to large 
areas comprising all or parts of different States. 
Although: an ‘adequate definition of the city” cannot be attempted here, it 


- may be well to consider some of the city’s: characteristics as. they apply te 


engineeri ring surveys. Foremost among these i is the fact that the. city is a living 
thing, with the } properties of change and gro growth. Whereas in the past it. has 


3 grown in casual fashion 1 by the uncontrolled addition of new subdivisions , more 


mabe it is now growi ing of itself and from within, , according to well- 


: a —Discussion on this paper will be closed in December, 1928, | 
on + Presented at the Joint Meeting of the Surveying and Mapping Division and the City _ 
“Plan 


aning Division, New York, N. Y., January 19, 1928. 
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and Chf. Engr., R. H. Randall & Toledo, ‘Ohio, 
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"STANDARD SURVEYS [ Papers. 


considered betterment and expansion is is : 
planning of the sort which | presupposes facts. T ‘he ne City” Survey secures and 


The business: of the be considered under two heads, 

operation | and planning. ‘City operation, or management, ‘is steadily 
‘becoming more business- like ond scientific. — It consists in the successful 

operation of all the community’s existing facilities. Concur rently, adequate 


must always be available for the improvement. and extension of these 


facilities ; as the needs of change and growth require. . Both these activities— 


operation and planning—demand for their successful performance a full 
knowledge of all ill physical facts ‘and conditions. This may be said to correspond — 


to inv aventory af private business, and i is supplied by the City 

Aittle appeal to laymen, and is of n ‘no > popular interest. in ies initial stages. a 

is of so technical a nature that it may be generally appreciated only throw ough its 
: results. So great, how ever, are its economies and advantages, that, once begun, | 
in a small way, it almost inv ariably_ goes on ‘to logical completion. A 


a small amount of tangible accomplishment : serves to acquaint even lay disburs- a 
authorities» with its value, for its continuation 


For merly, the City ‘Survey wa as usually undertaken as the basis 
Pp some specific improvement program, ‘such as le large additions or oneal 


> to sewer or water systems. Iti is now , increasingly the practice to undertake it 


as the foundation of a broad community planning program. Since it is of per- 
‘manent value, it is. a _ reasonable capital expenditure, and may properly be 


financed either from bonds for “specific improvements or from appropriations 


Ins so far as any order» of preference may be observed, the engineering 


‘survey should come first since affect the 
it eatly 


the lack of physical information. or in all cases, the 
engineering — should precede general planning recommendations may be 


vlan for constr should not undertaken without it. 
rr — A consensus of actual practice indicates that t the City Survey 
= comprises: ‘the following general divisions: (a) Triangulation; (b) traverse; 


; (c) levels; (d) topographic 1 map; (e) property map; and (f) wall map. — 


In some instances the major part of the City Survey schedule has been o 
ially termed the Geodetic and Topographic ‘Survey. ‘Under this classification 


this 

the first ‘three items—triangulation, traverse, and levels—are: known as the 

Geodetic ‘Survey because of the use of methods characteristic “ geodetic 
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surveys: of large a areas. topographic mapping and the a 
wall map are included i in in the Topographic Survey. | 


we In: any consideration of a proper program of physical sur veys, whether a 


a city or a region, it is assumed that the fullest possible us ‘use is made of the - 
eontrolling, continental surveys of the United ‘States Coast and Geodetic Sur-— 
vey, and the ‘standard maps | of the United States Geological Survey. ‘With the | 
- development of the country the definite economic adv: vantages 0: of these F ederal — 


surveys are increasingly apparent. — - Where they are not yet available, every 
effort should be made to_ influence State authorities to co-operate with the a 7 


‘the data furnished are not procurable otherwis and they are of eile 

value to all other « engineering ‘surveys. Ay. 


place of aerial mapping in the Survey schedule has been ‘the 
subject of much: controversy. As a comparatively new me sthod , it has" re- 


ceived much publicity, and -yather sweeping claims have been made 
its results. Air maps have a distinct value in city planning and ‘operation, 
but it is believed that this consists more in the 


information than as substitutes the surveys we in 
| "schedule, have the advantage of ready ‘comprehension. by layme n ‘and 


of the presentation of a pr ractically unlimited amount of detailed data. pit i 
The chief obstacle to the use of: air maps 1 in the City ‘Survey lies in ‘their 
limitations for scaling purposes. The air map is fundamentally a photograph, 
j= consequently, i is subject to perspective errors. a These increase rapidly - with 
the map seale until a point may be reached where so many ground. | locations | 
are necessary that the added e: expense e of air views is not justified, Land values 
7 throughout the metropolitan area are invariably considerable, and the im 
prov ements laid out on this land are costly. 7 is, therefore, good business to 
measure and record the physical facts relating to land and its’ occupation — 
on a ‘scale which experience shows to be desirable for the purpose—usually — 
1 in. = 2 200 f ‘ft. for the parts of the metropolitan a area in which development i is 
under way 01 or is looked for in the near future, and 400 ft. for the eutlighing 
areas as to which | information is desired d for sanitary | or other district, work. | 


On neither of these scales will the air ‘map ordinarily give results of as great 


thorities to co-operate with th 
‘Federal Government in financing their completion. The expense is small, 


accuracy for the same expenditure as is ‘obtainable by ground methods. 
Where sealing | accuracy is not a requirement, or where small scales are 
‘used, air methods i in many cases will give : satisfactory results at less cost 
surveys. Consider able use has also been made of air r views in the con 
struction: of assessors’ maps, on large scale; but it is be. pointed out that 
this and | other similar uses may be classified as emergency uses, since, although — 
"vey q - the information 1 may be obtained very quickly in this manner, it would have ~ 
rse; already been available, as a matter of course, if the surveys of the schedule 
herein had been in existence Air maps. are to be considered as 


adiunets to, rather than substitutes for, any , of the various divisions of the 


the | execution: of any survey extending over a Jerge 


it is to provi 
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able errors incident to any system of measurements. it is attempted to 


MW join n together small, individual surveys, e each satisfactorily accurate in itself, 

‘it will be found that the small discrepancies between them will accumulate 
and give trouble; and the greater the number of of survey s and the farther the 
Gistance from a central point of origin, the gre: iter the difficulty. t is essen: 


tial to plan from the whole to the part, rather than from n the part to the whole. | Ess 
For r this purpose a “system of controlling surveys of an accuracy superior to sur’ 
the smaller detailed surveys is first established. After i its discrepancies tior 


been determined and adjusted, it constitutes a basic framew ork to which all 

other surveys referred, For the 1e City, Survey two systems 


series of overlapping certain number of Basal, lengths, 
or base lines, have been noni on the ground, the others become known by” 
- measurement | of angles. 2 Because of the rigid geometrical | conditions governing 

- triangles, this f form of survey is capable of very precise adjustment and com- ; 
putation of resultant positions. For the control of metropolitan areas, 

between triangulation stations determined with a of 


1 1 part in 50 000 t tol part in 100 000. 


J he ) arrangement and distribution of triangulation : stations Sicetiiaiil vary 
d. Ordinarily, an SPORES: 6 of one station for 


averse lines, executed with transit and tape, and with almost 


to to make more_ convenient the results, of the t 

Traverses originate and close upon triangulation or 1 upon previously adjusted 
traverses. _ They are run over streets or highways, and the estab- 

dished, are are carefully monumented and re referenced. 
a Under some conditions the traverse itself constitutes the chief horizont 
survey, without triangulation. Results of an accuracy aver veraging ‘1 part. 

30 000, or r better, may be expected from it, ay, 
are Levels.—Levels are classified as first and second order in respect to accu-— 
racy, and constitute the vertical control system. Levels of the first order 
- run by the most ‘Precise methods; are then -double- -run, and the backward and 


forward runnings of each section must not. have an error (in feet) greater 


than re 0. O17 M, in which, Mi is the length of the section, in miles. Per-— 


-manent monuments, or bench-marks, are” established proper 
‘intervals: throughout ‘the survey area. Levels are run in loops | or ‘circuits, and 


of least Leveling of the second order of accuracy originates: 


with and closes” upon t! positions established by the first- 
“y monuments may be lene permanent in character, it is single- -run, and i is 1 


to close within + 0.05 
Topographic —The topographic survey an 
The purpose of 
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7 sue ch mapping is too well understood to require emphasis. ~ Briefly, it records 
presents in the most business-like fashion all the information | 


-_ pertaining to the shape, elevation, and other physical characteristics of the sa 
land and the properties, structures, and other improvements laid: out 


on it. . Such maps bring, for all practical purposes, , the terrain itself to the 
engineer’s or ‘Pplanner’s desk. Their use eliminates: all ordinary preliminary 


re 


surveys and splice most. t of the needed data for ‘construction plans. In — 


constitute at reference for all questions land 
fom that may arise in n the conduct of ‘the he community’s business. 


Actual mapping is” best. by table method 
“course, | by t the ¢ co- aie positions of tl the preceding precise horizontal ond 


are on a scale of 1 in = “= 200 ft. The individual size is commonly 
— 20 by 25 iy, the longer dimension being east and west. For large areas the 

exact sheet limits are based or on even multiples of seconds. of latitude and longi- 
tude, usually 35” or 40” of latitude and 60” of longitude. This is desirable’ 


— because it permits a combination of plane and spherical projection, which | 


| 


tends to reduce ‘the amount of variation from true azimuth incident to any 4 
fan 


cor onsiderable extension of a plane co-ordinate system. q 
iy field sheets for plane- table mapping are ‘mounted. on metal, to insure 
mension of sealing accuracy ‘despite changes in humidity, E ach has plotted 


upon it, before it is taken into the field, all positions of triangulation and 
“traverse, and all level elevations within its area. ‘Using these data asa basis, — 
“the field party records, by plane- table and stadia methods, all details of a 5) 
and streets, Alleys, and public. ‘property lines; 


__ After the map is completed in 1 the field, all the street and public property 
Tines are carefully compared with all existing records, thus providing an addi- - 
tional check on the accuracy of the map. Formerly, after this checking was 


- completed it was the practice to trace the penciled lines of the field sheet in 

i ‘inks of various | colors before proceeding with publication. This step is now 

i ‘usually eliminated, and the reproduction of any number. of copies is accom- 
plished without changing the condition of the field sheet, thus leaving it. in 
shape to be taken back tothe field at any time for revisions or additions. Were 
oat In order both to make a large number of copies available for use and tc to 
“preserve the original field sheet from deterioration through us use, it is necessary 
“to Teproduce or publish copies of the topographic map sheets. — This is now | 
chiefly by combined photo- lithographic and engraving processes, — The 
final copies show | topogr raphy, by “means of co contours, in brown ; drainage, in 


property lines, s structures, lettering, in black; and wooded areas 
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that a 
fact-fi 
city a 


selves 
buildi: 


in ‘eases, green. is essential that all the 
metal- sheets be “preserve the press- “plates: from 


the plane- ag of field sheet te on each en’ a 


standard metal home plate by which the focusing marks on the ground glass are capabl 

3 Property —This survey ey includes the ‘preparation of all those se maps. Th 
which require the showing of figures and dimensions. For this reason the tically 

seale is usually about 50 ft. to the inch. The sheets are to pla: 
to conf to) co- classif 
called 

pe in the 

which require the owing of n numerous details, as struct: 

oo Accurate and reliable property information i is the basis of this survey, and ff day ci 
work of ‘securing: -it may be considered as two separate steps. he first 

: these is the determination of the actual location, on the ground, of all street than ¢ 

"corners, angles, and curve points. second step is the precise measurement public’ 

7 an “aa 1 co-ordination of these points. _ It is sometimes the practice 1 to employ an time g 

outside organization to execute the second, or precise survey step. first, 

5 however, should be performed by the best informed local surveyors, who should lon of 
possess more intimate and reliable information regarding the actual location. accord 

of property lines than is possible t to outsiders. full in 

“7 ‘It is becoming increasingly the practice to begin the complete schedule of | Bor 
the City ‘Survey by establishing controlling monuments in the outlying, or planne 
development, sections, for. the purpose of tying-in new subdivisions. Under § 

existing platting laws it is frequently possible to require new subdivisions not 
to submit “surveys of their own boundaries with prescribed accuracy and — 
a to monument street corners properly, but also to tie in to the controlling points 8H 
established by the city. If this procedure is carried out, a complete 2 and 
as. ordinated property map of the newer parts of the city will be built up without ra : 

4 cost to the public beyond the establishment of the few controlling points and The a1 a 
th he necessary supervision required i in co-ordinating the allotments with them. ™ Bi Survey 
_ Ww all M fap.— —The purpose of the wall map is to present. a ‘general view of the into be 

ntire area. scale, therefore, will’ necessarily vary with the extent of whet 

4 territory pi be covered, s since the map itself should be of a size suitable for tion of 

by the 

lead to 


"copies be, all “the colors of the 


topographic survey reproductions, and some should prepared 
topography , showing the black, « or the black and blue, only. if. 


—The City as outlined, is the common- and con 
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appeal, ‘its need i ‘is yet. so fundamentally obvious” 
that a will eventually possess it. With the increase in 
-fact- finding, scientific methods of engineering design, and the growth of the 
: city and regional planning movement, cities are increasingly preparing them- 
selve es with such surveys, Land the only thing on on which to build 


building being more and more costly, it is | obvious and 


Sedge of the and its 


The uses of the City Survey, as they relate to. city operation, , are prac- 
tically as many and varied as the list of the city’ Ss activities. The application 
to planning i is no less | complete. Practical planning ; may be divided into two 
classifications: That which oceurs within the built- -up area and may 
called corrective, remedial, or re- -planning ; and (2) that which is undertaken 
in the development areas, in advance | of actual occupation : and construction. 
‘Here, in the city of to-morrow, is | perhaps the greatest opportunity for con- 
structive planning. - Upon the topographic maps of the City Survey a stree 
layout, ¢ or physical framework, 1 may be determined with the greatest me 
of probable future satisfaction; and when this is done, a large part of present-_ 
day city planning v will have been provided for in adv vance. Planning in -_ 
‘advance of development, ‘and in accordance w with the public ‘interest rather 
than the narrower wishes of the individual land owner, is very” much the 
public's business, and will ‘undoubtedly be more and more the practice as 
| time ) goes on. ‘The National Conference on City Planning and the National 
Association of. Real Estate Boards have gone on record as favoring the laying 
out of main thoroughfares i in outlying districts by planning commissions, in 
accordance with master plans. plans, | of. course, can only made 
full information, such as is provided by the City Survey. 
at — years ago the following series of questions was put to an eminent ¢ 
the City Survey (as outlined herein) satisfactory a as a 
for city planning? 


the City Survey precede the City Pla an 
3.—Assuming that the Survey is “necessary, and ‘should precede the Plan, 
: _ what is the best method of bringing this ‘ideal procedure into every ~ 


The er 
answer w as: 


into ‘in n the ‘usual 1 manner’ ‘The writer has never never discovered 
what was meant by “ the usual manner”; but it seems likely y that the » considera- 
tion of the allied subjects of planning il of basic engineering surveys, jointly 
by. the two Technical Divisions of the Society most directly ‘concerned, will 
lead to o better of the involved to better practice 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


DISCUSSIONS 


Rectety is laa responsible for any statement made or opinion expressed 


n its publications = 
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OF THE C | 


o give a a brief. ‘of the he in all 
al the wel blew in a circle with ‘an area of calm in ‘the 
center, L. Stearns, Assoc. M. Am. Soe. C. E. » who visited Miami on n behalf 
of the Committee soon after the storm m, , stated that the first half came from. 
the northeast and the second half from a little east of south instead of from 4 
an exactly opposite direction. He felt that the explanation for this. was that 
‘the storm changed form somewhat when it. struck the land. 
that the center of the storm passed directly over Miami, It can, however, b 7 
‘readily explained va assuming that the center o of the storm passed somewhat “a 
the south of Miami. In Fig. 1 is shown a diagrammatic sketch of the storm. 
Point A represents the location of Miami during the first half and Point B, 


the for the second half. ‘The arrows: ‘indicate the direction of. ‘the 


that was far removed from the of the 


In his report Mr. Stearns storm effects on all the various 

of structures, but as a large part of these ‘were. not designed by engineers and . 
are of such a character that they are not ‘susceptible | of close mathematical 
analysis, the Committee can add very little to. present: knowledge by a a study. 
of them. . As the damage done to these structures was so many times greater _ 
than that done to structures designed by engineers, the necessity of technical " 
design or more careful construction for. the smaller ‘structures as 3 well as the ; 
‘would be of considerable value to the e Engineering Profession if. an 


ac curate determination of the wind pressure cot could be made, but the Commit- = 
tee does not: deem it possible. On the top of the Meyer-Kiser Building: was 


a small observation room, about (18 3 by: 21 ft., with four small columns in the 


corners supporting the roof. The walls were blown out and the four columns 
— 
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' Bes Presented at the meeting of the Structural Division, New York, N. Y., January 19,1928. 4a 1 


— [Paper 
_ EFFECTS OF FLORIDA HURRICANE fr pers. 


po he would require a pressure of about 65 Ib. per per sq. ft. to produce the 


a distortion which occurred and this figure is probably as good as can be 


‘determined ; but it cannot be taken too seriously because the area of “pom 


at the time of failure is uncertain. a wh 


= 


nis 


Fig. 1 -— DIAGRAM OF SToRM. 


Sag Professor Morris, of the Committee, has computed that it t would have re 
- quired about 60 Ib. per sq. ft. of wind ‘pressure to bend the columns in the 
front: of the Meyer- Kiser Building. Tt is possible that the failure of the 


walls allowed the pbuilding to. sag quickly to leeward and applied a blow of u un- 

known force to the columns, producing a serious effect, although ‘the wind, 
u striking the building at an acute angle, may not have applied a very _ severe 
~ normal pressure. | Henee, the static stresses computed may have little rela- 
a tion to the applied pressure. Y The evidence, , however, indicates that for areas 
of moderate size, the storm probably exerted a pressure of ‘more than 50 Tb. 


= per sq. ft., but there is no evidence that this was the case over ~ entire area 
The two Miami “buildings which suffered from the were the 

A Meye er- Kiser Building and the Realty Board Building. A study of the design 
of these two buildings teaches some interesting The plan of the 
4 | Meyer-1 Kiser Building is shown i in ‘Fig. 2 (a), from which it can be seen that 
wide. The | 

i is ores ut 140 ft. The height was about not pent: 
houses. The dashed line shows the distortion from the Pi. On Fig. 3 is| 

a shown : a typical floor plan. The type of wind braces 1 used is shown on Figs. 
(b) a nd 4. connection shown is used at points marked B in Fig. 3 

‘ Based on the ‘number and size of the rivets in the wind braces and assuming” 

the elastic limit ‘of the ‘steel at 36 000 Ib. per sq. in., the steel work alone, 
out any help from the walls, should have a wind pressure of about 
ey Ib. per sq. ft. at the fifth floor. However, the clip angles were so thin that 

= in bending they did not develop more than 25% of ‘the v value of the rivets. 


These clip angles i in many eases bent or br oke, thus destroying all the denny 


Timber as s to “have given ‘the building little stiffness, The ¢ columns too 
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‘EFFECTS OF FLORIDA HU RRICANE 
the. a are made up of. plate and angle sections and i in the area that — 


failed | they had few cover- r-plates. _ The thickness of the angles in the columns” 


such that the outer rivets the clips to the columns could not 


ending the e flange angles of the ‘columns. 


Wind during first 
~ half of storm 


About 6° 


a 


half of storm 


—@)p DIAGRAM OF MEYER. KISER BUILDING 
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poe 
‘KISER BUILDING. 


Ini addition, ; in ie south end of the building, the floor ‘system was broken up. 


. es elevator shafts and there was very little bracing. _ What bracing = 

a4 was, was on beams shallower than | the 2: 24-in. . spandrel girders in the front or 

4 south wall. The e result was that this wall 1 took 1 nearly all the wind load ie 

this end of the building until it failed. At the north end there was bracing | 
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| “EFFECTS OF FLORIDA HURRICANE 


of a character, but “more bracing i in the floor system, which | evidently 


is the reason for less distortion of this end a the building. m4 In conclusion, a 
iti is perfectly evident that there was no adequate wind bracing in this build- a 
ing, and t the bracing which was as used, was ma made v valueless by the details. — It tis ¥ 
a, difficult to > understand how any loans or hurricane insurance could have been i 

obtained on on this building. results bring out forcibly the desirability of 


engineering advice for financial beesememanmnes as Ww ell as for the owners. . 


« 
| | 


Center Line 
Column 


‘ 
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COLUMNS 10 AND 11 AT THE 7th FLOOR 
4.—WIND- BRACING ‘DETAIL FOR MEYER-KiISER BUILDING. _ 


suffered quite sev severely during the storm. is 


The walls and were eracked, but the steel framework was not 


badly distorted. Mr. E. ALS Sturhman who was as engineer in charge of recon- 
“Gj ditioning this building, states that a careful survey shows that it was only 
in. out of plumb and part of this may have been due to inaceur facies of 


- erection. Th here was greater evidence of Jack of stiffness than lack of strength 
because the s structure swayed enough to -erack the walls without, seemingly 
ak nl his building has : a frontage | on ae west of 45 ft. and a width in the 


rear of ft. Its length i is 94 is fifteen stories high and the height of 
top of the -pent- house is. ; about 166. Fig. (a) shows a typical floor 
plan of this building, and the main bracing connections are shown in ‘Fig. 
5 (b). Al these e connections are. attached to 15-in. and (18-1 -in. beams. 7 he 

_ other transverse beams are 6 in. and 10 in. ye in the ty) pical a 
very much less. rigid connections. It is probable that, o on account of their 
greater stiffness, the beams and ‘connections shown in F ig. 5 took prac: 

7 ay tically all the wind stresses. The connection of the wind brackets to the col- — 
‘umns is an important feature of the construction. The second line of rivets 


_ connecting t the brackets to the columns i is practically valueless because the con- 
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the full strength of these rivets was de 
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EFFECTS OF ‘FLORIDA “HURRICANE 
“the s work was checked found to with the Building Code 
ealls for a lb. wind load. Probably the combined stresses’ used were 24 000 
Ib. per sq. in. _ Without entering | into any controversy on this point, the ‘Com- 7 


oubts whether the available strength (before a 24 000- Ib. unit stress 


_was reached in some } parts) would y withstand a a full 20-Ib. wind load. As study 
.. the design, however, indicates that a genuine effort was made to hes this — 
building: properly and any shortcomings should not be attributed to an 


at false economy. he should have been 


7 
a 
should not have been in this manner. 


2—The front. and have h had stiffer bracing because 
fairly stiff steel frame is necessary to Prev ent t cracking of walls. 4. we 
—Special provision | should have been made at. the stair opening n 
Column No. 14 to prevent the beam between Columns Nos. 14 and from 


te, 


should have been to stiffen ‘te ‘building | in a direction 
this” gy ave had a strong tendency to resist torsional racking of the 


high. - It was designed to resist a wind pressure of 20 ft. per sq. ft. in either 


direction at i a unit stress of 24000 lb. per sq. in. in the steel work. In the 


wind bracing, care was used in proportioning the ‘details = 
ae as the main members. There was a s special effort to make the connec- 
tions stiff as well as strong. Besides this, heavy interlocking tiles were used 


for the walls instead of partition tiles . This building suffered no structural 
damage. - Based on these facts, the building should not show signs of failure 
before t the elastic limit of of the steel reached, which is at about 36 000 Ib. 


ack 
per sq. in. This is equivalent to a wind | pressure of 30 Ib. per sq. ft. over 


the entire surface without any assistance from walls. 

The main lessons to be lea learned from the foregoing considerations are 

—Adequate 1 bracing is necessary in the ofa ‘building. 
2 —The details must be carefully | designed for the same strength as ‘that 


hia 


different types of braces” for one floor level the 
g designer should take the relative stiffness of the members Into account anc and 


not depend too much on the arithmetical summation of the total strength of. 
7 the connections as some members may be greatly overstressed before the others 
any large proportion of the stress. On buildings of moderate size, how- 
eee, ‘it is a to take care of this point by the use of an adequate 
—Sti 
i is s especially. realized the best engineers in designing 1 narrow high 
buildings used for living ‘quarters, such hotels and apartment houses, 
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EFFECTS oF ‘FLORID HURRICANE 


he confidence of tenants: in the stability of the structure is of of. ‘the: 
—T The e orida hurricane indicated that the floor system 
act ted as a stiff plate or girder | and that all columns were “subject, 
to the same horizontal ‘deflection, except that the entire re structure twisted, 
where « one end of the building was stiffer than the other. | In designing wind © 
bracing this must be given full weight and the bracing arranged, if possible, 


so that no twisting action from the wind can come into play. This means 
that the wind pressure at one end of a building and the bracing designed to 
resist it, must balance the relation between the corresponding pressure and 
' braci g at the other end , so so that the structure will deflect. about the same 
amount at both ends. This principle applies where | one end is 


oa The following is is quoted from a a preliminary report made to t the Structural 4 


Division « on January 20, 1927, by the Chairman of this Committee: 


“Summarizing the fields this Committee ‘might well cover « are the 


—aA determination of the wind pressure e exerted by the sania” 
—A ‘standard method for wind stresses in tier | 


devil best dite: wind stresses both the stand- 


of stiffness as well as that of strength. 
th —A study to detern mine whether the same requirements for wind ‘neci. 

be used for buildings having a low ratio of height to width as for buildings ! 


‘5. —The strength of masonry walls the bearing they have on wind 


“TJ feel that there is a good chance of our accomplishing something 


=> 


valuable in connection with a part of these at least though it may entail more 


sure, however, were we able to cover any one ‘item: thoroughly, our ‘work: will 


Taking up the items mentioned i in the order en: 


sure cannot be his has been in the he result 


showed, however, that all: the tall buildings s consistently designed for a 5 wind 


of 20 lb. per sq. ft. survived without serious damage. 


—A ‘Standard Method of Computing W ind | Building 


Winks 


Construction. —The results of the storm showed that for buildings: a the size — 


; and shape found in Miami, the common theory, as given in F leming’s “Manual 


on Wind Bracing”, will produce structures capable of standing up under the 


“most severe The failures were caused neglecting to apply 


theory consistently. On the other hand, buildings so designed will not neces- _ 


rily be sufficiently st stiff to give the tenants confidence in their safety. . More- a 


over, in the case of very high « or narrow em, the obvious errors involved _ ‘ 
We 


render the results less secure than is desir: able. From a standpoint of strict 


theoretical of stresses, an adaptation of the deflection 
(4 
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EFFEC’ TS OF FL ORIDA HURRICANE [Papers. 


give | best results.* Some e of the members of the 


into universal use 0 on ‘account of the that it will 
A consulting er engineer generally has a limited time in which to design a 


structure, and if a method could be developed which will appro ach in results 
slope deflection ‘method and still entail il very much work, it would be 


desirable. One of the members of the Committee has used a method : appor- 
tioning the amount of wind shear taken by the various ¢ columns on the basis 

the relative moments of inertia of the columns. This is based on the 


~ assumption | that the length o of the column is the same. ne. If the lengths between 
ae brackets vary considerably, as in the case of deep girders, these shears — 


will have to be corrected to take care of the differe mee in column lengths. 
A closer approximation would | take into aecount the effect of variations in 


the stiffness of attached floor-beams, which would involve practically the 
method developed by Professor Morr ris. 4 The Committee feels that some study — 

~ should be given to this before. suggesting a definite method for computing — 


Resist Wi W find Stresses Both from a_ 

Standpoing of as ell as “That of Strength—Such have ‘been 
pretty well standardized by a few of ‘the le: ading ¢ consulting engineers in 
New Y ‘ork, N. Y., and these could be released at any time. It would s seem 


advisable, however, to release such information at t the same time that a method | : 
for computing wind bra acing is developed and, therefore, no action has been | 


bir, | Study to Determine Ww hether the Same Requirements: for W ind 
Should Be Used for Buildings Having a a Low Ratio « of Height to Width as 
for Buildings Having a High Ratio—This item is also related to the method 


of computing wind bracing and can well be taken up at such time as Item 2. 


§—The Bivength of Masonry W alls and the Bearing They Have on Wind 


Bracing. —To secure any really valuable information on this subject, it would 
probably be necess sary to. have numerous tests made. This: would entail « con-— 


7 siderable expense and it is doubtful ‘ul whether it will be possible | for the Com- 


_ mittee to finance ‘this without some assistance from the Society. 


the preliminary report before quoted, it was” stated that to 


complete report might entail more work than Committee, now 


; stituted, can fi find time to perform . To ‘make an investigation along this line : 
va iamg es a very large amount of work, and few men are able to , devote sufficien 


J 


© 


Mx. "Miller, - feels ta ‘great ‘deal pry “wind 


AGE 
pressure could be secured by means of self- registering barometers. He feels 
sure that he can secure the use of of these barometers: gratis, but, of cours Sey 


some one would be required to keep 1 the r results and | interpret them. 


La 
_ When the American Insurance| Union was Columbus, 


* This is the paper entitled eden of Tall Building Frames to Resist 
Wind’, by Albert W. Ross, Jr., Jun. ‘Am. Soe. C. E., and Clyde T. Morris, M. Am. Soc. C. E., 
_ Proceedings, Am. Soc. C. E., May, 1928, Papers and Discussions, p. 1395. Poe 
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established on the columns and targets: were located in the « 4 


by whie h it is possible to measure ‘the later al displacement of the building 


during : a storm for a height of 34 stories. No doubt a great deal of valuable 


. 
information could be obtained by readings made on this building. 
Generally, « 
_ cause the allie: to doubt the safety of the buildings; tet 3 in 1 this case as 


| all arranged when the building was constructed ; the 


public now understands: that work such as this is for educational purposes, _ 


the ordinary objections do not prevail. 4 


‘The American Institute of ‘Steel for several years has 


to advance know along engineering lines in the use of steel. 
This question has been discussed with some of the members of the Institute, © . 
7 and it is possible that if its finances pormit, ‘it could be persuaded to establish | 2 
a fellowship | in Ohio State University to. study the entire problem of. wind | 


bracing. In this case the Institute would probably be glad to have the work | 


done under the general supervision of a ‘committee of the Structural Division 
of the Society, provided that this would be agreeable to the authorities of the 
University. Such supervision, , of course, would involve some 
a. to the Society. In all probability, the: student appointed to ‘this: 

“fellowship would work under the direct supervision of Professor. Morris, of 
ie Committee. Te this should be done, many new facts might be discovered — 


-* regard to wind bracing which are now unknown, and ¢ a good student 


- devoting his entire time to the subject under. the proper supervision, could 
-earry out mat ivestigations which would entail far more work than any 


of the Structural Division could devote to the subject. 
In conclusion, the Committee hopes that this incomplete report may be ,of 


~ some value to the Engineering Profession in the design of wind bracing. It 7 


wishes, ¢ of course, to stress the point that no system of rules, however complete, 7 
can. take the place of thorough technical knowledge and long experience and 


judgment in work of this character; and that the wor of designing wind 


_ bracing or narrow buildings should never be entrusted t to ovices, 


MeMitnan, 

>. L re H Miter, 


January 19, 1928. ‘ommittee. 
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AND “DISCUSSIONS 


This Society is not responsible ‘for any statement made or opinion expressed 


PRECISE WEIR ME BASUREMI ME NTS 


Messrs. TH. REHBOCK AND G 


Dr. Tu. ‘Renpooxt (by letter). +—Accurate and reliable measurements 
are among ‘the most important requirements in the field of experimental 
hydraulics, Ini the field of practical hydraulic engineering, discharge 
urements which are correct within 1 to 2% are entirely satisfactory. In field 
measurements in time of floods, errors of from 2 to 5% and even more are 
unavoidable and inconsequential. bp Stream flow n measurements are generally 
by ‘means of current meter ‘gaugings, although weirs are sometimes 
| used to gauge the flow of the smaller streams. 
| Hydraulic Gaugings by . Means of Sharp- Crested Weirs.—In experimental 
work the engineer is confronted r not only with the > problem of measuring accu- se 7 
rately the quantity of water, but, in general, he also faces the . problems of 
regulating | the flow in such a manner that a given quantity of water is dis- 7 


charged in a unit of time. _Weire are useful gauging devices i in 


Weir gaugings, because of their and ‘accuracy over a a wide 
| tange of discharge, are better adapted for use inv the laboratory than mo 


other ‘method has been to the present time. 


(preferably This type of weir is most satisfactory 
because it is stable, it is not easily damaged, and its accuracy is not affected | = 
by floating material in the water. the laboratory, however, 1 where the 
factors just mentioned are of no consequence, ‘the sharp- crested weir is 


pole 


y 
be preferred because of the s greater. precision of discharge - ‘measurements. sitipn, 


" * Discussion of the paper by Ernest W. Schoder, M. Am. Soc. C. E., and the late Kenneth © 
. Turner, Esq., continued from May, 1928, Proceedings. 
_ + Prof., Technische Hochschule, Karlsruhe, Germany. uh 
Received by the Secretary, February 8, 1928. 
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 REHBOCK ON PRECISE WEIR ME: EMENT'TS 


angular weir (Thomson weir) may be ‘more | satisfactory, ify very small rates: 


of dische arge a are | to be measured. ‘Tt has the disadvantage, however, that ‘the 
head- discharge ‘relation is affected to a certain extent” by the shape of the 


crest and by the size of. the approach channel in a manner that cannot be 


he discharge 0 vertical with a “horizontal crest, as 


‘the height the 'w eir crest above | the bottom of the if the 


following conditions are satisfied : 


(a) The welosity 3 in the approach channel should be as nearly the same 


at all points in a cross- -section as practicable. ik 
— ) The head should be large enough sO that the jet is entirely free 
does not cling to the weir plate. 


_— The jet should be fully ventilated so that the pressure in the space 


Pt between the lower nappe and the weir — is practically the 


oe aM (d) ¥ he water level below the weir should be's so low that the heads are 


over a period of more than twenty- -five years, have shown no measurable fluc- | 


tuations i in the head on a given weir for a given constant rate of discharge, 


Although widely ‘different coefficients of have been reported 
by various observers for presumably similar conditions, it is the writer’s 
opinion that -diserepancies of this kind are traceable either to inaccuracies 


in ‘measurements. or to unsatisfactory arrangement, of the testing equipment. 
Tf, for a given constant rate of discharge, fluctuating heads are observed 
which : are not due to errors in ‘measurements, it must be assumed either that 
eddies: that affect the flow are formed in the approach channel, or that the 

jet is not properly aerated and the nappe is depressed. — The most common 
owe of disturbances i in the flow over a sharp- crested weir, particularly under 
high heads, is inadequate aeration of the jet. These disturbances occur if the 
- pipes which supply the air below the jet are too small, or if they are | partly 


closed by water. In this cas the are too large. It is the ‘writer's 
_ experience that a sharp- crested, vertical, suppressed weir | with adequate pro- 


"visions for fully aerating the jet all times, built between ‘parallel side 


- we alls, is the best 1 measuring device for hydraulic laboratories in spite of the 
fact that the hound of adequate aeration adds difficulties to the construc: 


i 


The lay requi 


—The “approach channel. ‘should be of sufficient: length and of the 


(Papers. 
Of the shar r with a hori- 
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REHBOCK ON PRECISE WEIR MEASUREMENTS» 


2.—T he water should enter the approach channel axially. 


3.—The approach channel should be elevated high enough above the 
floor that the necessary measurements can be made easily and 


ert m ae curately, and it should be accessible on all sides so that any 
Jeaks in the channel can readily be detected and remedied. 
4 The approach channel should have a horizontal bottom and ver 7 
= = a tical, plane walls, the latter preferably made of plate glass, 
-5.—The up-stream face of the weir plate should be a vertical plane. be a 
Ds ae It should have a horizontal crest 0.25 mm. to 1 mm. in thickness. " 
—6—The ventilation of the space under the jet must be adequate so 
that the water level above the weir is not affected by parti: aL 
auxiliary hook- -gauge (with vernier scale) should be provided 
4 near the up-stream face of the weir plate to be used in transfe y- 
ying the height of the crest to— the master gauge, that is, for 
determining the “zero reading” of the master gauge precisely. 
6.8 —The master gauge with vernier scale which is used to determine the 
heads on the weir, should be above the draw-down curve of 
7 _ the water surface, or at a distance above the up-stream face of the 
: Weir at least four times the maximum head to be measured. The _ 
ss master gauge may be either a needle-gauge in the approach — 
channel, or a hook-gauge in a special | chamber. connected with 
_. the approach channel. © aul 
msitive float-gauge should be provided in a built at 
one side of the approach channel to permit et reading of very 


"small fluctuations of the water surface to fractions of 0.1 mm. 


=p 


careful and “skilled: observer is able to discharge measurements 
1 FE with a high degre ee of precision if he has a me: asuring apparatus which fulfills, 


st, ‘the requirements just enumer ‘ated, and if he uses a 


subst antially at lea 
ible weir formula. 


orted The duties of the in making measurements. are 
| determine the length, }, of weir crest. accuracy of 
determine the height of weir, p, above the horizontal bottom 
served | the approach channel. An accuracy of 1/200 is sufficient. 
r that a? — To determine the “zero reading” of the hook-gauge, or that reading 7 
at ae ey for which the point of the hook is at the level of the weir © crest. ; 
| " (a) Bringing the point ‘of the auxiliary hook-gauge to the ele- | 
under vation of the weir crest with th the aid of a spirit level, 
partly (b) Bringing the points of the auxiliary gauge and the master 
writers “simultaneously to a motionless water surface below 
te pro- the level of the weir crest and noting the’ on both 
el side € Jaleulating from these measurements the “zero reading” of 
the | the master gauge, or the reading when the point “of the 
struc: master gauge is at the level of the weir crest. 
This determination of the zero” ‘reading ‘the principal hook- ke 
‘gauge i ‘is ‘of great importance and should be made before and 
| 


after. each series of tests. The precision ‘of every measured 

head depends on the precision of this measurement. 

s Soe T o determine the head on the weir by the master gauge. T he | ‘he ap 
of the gauge is brought to the surface of the vate; in a the 2 

proae ‘+h channel or to the surface of the wa 


7 
he | 
he | 
be 
as | | 
the 
Ame 
— 
free 
pace 
> 
of the 


_ whith is connected to the approach channel by a pipe. 
att The head, then, is the difference between the gauge reading and 
gun 5.—To watch the entire gauging layout very carefully at all times in| 
hen order to detect any disturbances at once and to remove the 


- After the zero reading of the principal hook- -gauge has been determined, 


only a fraction of a ‘minute to. determine the head on the weir ‘or 

given quantity of flow. y. A skillful observer ean ‘soon learn to make these 

i measurements and “accurately. repeated vations have 
mm. An 


‘exceptionally skilled observer can even, in many cases, his measure- 
ments by repeated observations w within 0.05 mm. In the case of larger it an- 


4 tities: of flow, however, discrepancies of 4 few tenths of a millimeter may 


“occur, since the water level does not remain perfectly quiet. 
. #F ormulas for Calculating the Discharge Over Sharp- Crested Suppressed 


WwW eirs Without End Contractions. —The determination of the head of water on 


a weir is relatively simple if one has a well- arranged layout and accurate 


‘apparatus. On the other hand, the derivation of a reliable and accurate for- 
mula for calculating quantities” of discharge | from these measured heads 


Since the time of Poleni and Dubuat, who in the. Eighteenth | Century 
ES to solve the problem of flow over weirs, » many engineers have spent 


years of careful study and ‘experiment to determine accurate formulas for the 

flow of water over sharp- -erested v Ww eirs. ‘The problem is is a ‘particularly difficult 


ments, must be quite precise, and because an ‘empirical equation with ‘three 


3 —_ hos p, and q, must be four nd, which is in substantial agreement with 


— ne nl well known formulas which have been used in the past are of the type 


‘This: formula is on the fallacious assumption that water flows. 
through the entire -eross-section, F =b Ro» over the weir -erest, whereas the 


Ay 


* actual cross-section 7 jet, because of the draw- down which is equal to 


"approximately 0.15 is only about F’ = 0.85 b In the derivation of this 
formula. a pressure di istribution within the jet itself i is assumed, which is alto- 

| gether different from that which exists the actual jet. fact that, a 
the case of a sharp-crested weir, the nappe pe rises to a point about 0.11 hy 

7 above the weir crest is neglected entirely. Despite the illogical assumptions 

_ oe on which Formula (7) is based, it i is adaptable because all errors in the deriva: 
tion ¢ can be. nullified by the proper ‘selection of the discharge coefiicient, Hor 


As a consequence it remained the well known weil 


Weisbach attempted to improve the formula by « expressing p. aS a function 
of the depth | of flow in the approach channel, or, what amoun 3 


| 
4 
: 
i 
— 
| 
| 
ry 
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a function of the mean velocity of approach. formula (1844) 


ge in pee ge p is ; the coeficient for a very high weir, and a and b are ‘constants. a 


ed, it| Most of the weir formulas’ which have subsequently | been proposed ar are e of the. 
ir for Weisbach form ond differ essentially the values of 
wy 


Bazin’s s formula (1888) : 
~ fh 4 
may = = (0.6075 + + 0.5 55 


ressed 


ah w. et = 0. 615 > + 0.55 
formula of Swiss Society of (1924) : 


9 


The writer’s formula (1912): 


flicult 

asure- 

formula. of the Weisbach type w hich with ‘the results « of e experi- 


ments made in the Karlsruhe , Hydraulic Laboratory, even on weirs with small _ 2 


values of p and hy. Formula (12), Ww hich was 8 finally proposed, differs from the 


typ pe presented m Weisbach, but i is in close agre eement with the w riter’ s tests. 


a _ For heads greater than 0. 03 m., that i is, for practically all cases 1 which oa 
in practice, this formula ‘ean be simplified into: 


nay) =0. 605 + 1000 * 0s —. 
differences | between the Formulas (12)! and (13) 


aS the 
approximately 0 of 1% for hy = 0.03 m. » while for h = 0.04 m., this 


f this ancy between the formulas is only about , “of 1% and still smaller. 


ot Strictly speaking, Formulas to (13) are not dimensionally correct. 
ht “Some disturbance, which is not yet clearly understood, aris 


ptions flow of water over sharp-crested weirs, which adds materially to the difficul- 

leriva- ‘ties of determining a formula for the coefficient of discharge. =. In conse- 

py quenee of this disturbance the law of similarity cannot b be strictly applied 

weit case of sharp-crested weirs: because the coe ficient, p, Po» is not exactly the 


‘same for any two sharp- -crested weirs of different absolute heights, p, even if 


View 


, are identical. 


* 


apers.| Papers.J 7 
—— 
pipe, 
— 
o for as for of p, in meters, are those | 
per on 
‘urate 
e for- | 
ids is f 
ntury 
| 
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“a The fact that. the writes” 


4 - 


determined 


0.602 08: gb (hy +) 0. 


out 

(1.25 mm. gre eater than that actual observed. 

randtl has expressed the opinion | that eapillarity might be 


the form term of ormula, that the behavior may 


fe eh Since his js equal to 0.00267 m., Formula (12) may be changed accordingly 
to read: 


values obtained : from Formula diy are only about of 1% less than those 


“obtained: from Formula (12) for heads of 0. 01 my and the difference between 
the formula values does not exceed } of. 1% | for heads ‘greater than 0 0.015 mm 


These discrepancies are meaningless in in — 


disappear at higher heads. din 


Formula (15) may al also be to take of the capil arity 


6 32 —) 0.47 


is ev ident, that: Formulas (15), (16), and are 


y cor- 


rect, because is a a length. 4 


ody He is not yet yet ‘definitely h 


known, however, whether this disturbance is 
“to to some other cause. In any “event some phenomena exist 
e the same Lanes on the Baden as a constant increase of he sad 
mm. 


1772, [Papers. 
system =f 
fe 
..(15) 
rmulas— 
‘indicates that the disturbance influences the ¢ away that the 
&g -dischar: 
— | 
| | 7 
by 
— 
= A\—, in which, K is the coefficient of capillarity and », the densit 
~ 
4 
4) 
— 
4q 
a 
al 
a 4 
* = 
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a: ormula | (15) can be simplified and expressed in second- feet (w ith ‘suffi- 


3.22 + 0.445 + + 0.00: 
Ave 


idered plicable with the 


(10), and (11) hi ive been consi 


Formula (9) 


F ormula (10): 


025 < hy < 0.8 m3 p> 0.3 m. 
‘ormulas (12) to (19), inclusiv e, are not necessarily between any 


limits. They apply in general to any sharp- crested vertical w weir without 

end contre actions as long as. the jet is perfectly free, fully” aerated, and not 

7. affected by back-water. | z Since a free overfall does not exist for heads less than 

about 0.01 n m., this head is automatically the lower limit of applicability of 
the for mulas.. Obviously the accuracy ¢ of ‘Measurements with heads 8 


- The formulas are applicable even m to weirs of very | low height, p p, and have | 


found to agree with the tests of a weir only 0.056 m. high. 


~ These formulas s seem applicable, too, for all large heights and large heads i in . 


"practical use, as long as it is possible 1 to aerate the 1 nappe fully. . This ma may be 
deduced from the | law of similarity. However, the writer advises poe 


building sharp- crested weirs higher ‘than 1. 2 m. (4 ft. gauging purposes, 


and 1 using such weirs for heads much greater than 0. 6 m. (2 ft.). 
if the bottom of the channel below the weir is at ives level. as the 


cir is me 
bottom of the approach channel, the heads, on the weir should not be 
greater than the height. of the weir, p, there is danger of the heads" 
beix ing affected by the back-water in the discharge channel. Tt the bottom of 
the discharge i is lower than that of the approach, the formulas are in substan- 
tial agreement with the tests even if the heads : are two to four times the weir 


- height and perhaps still more. This may be seen clearly i in Fig. _ oe ee 


‘he best agreement between the formulas and tests may be expected, how 


ever, if 0.1 m. < p < 1.00 m. and | 0.025 m. < ho < 0.60 m. Weirs, therefore, 
should prefer ably be. designed s so that the tacit: and heads, under which they | 
_ will be used, fall betw een these limits. In general, this ¢ can be attained through 
proper selection ¢ of the length of the weir crest. Weirs of ordinary spillway 
section with a a eylindrical crest are to be preferred { to sharp- crested weirs if 
very large rates of discharge are to be measured, for if the e discharge 0 over 
"sharp. crested Ww eir becomes very large, it is difficult to provide a adequate ventila- 


‘The: tests of the Swiss Govetiithent. Department of Hydraulies have shown 


“that weir measurements for heads of 0.8 m, are still reliable and Fig. 


. 
q 
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Values of hg in Meters 
o 


o 


0,660 0.680 0, 700 t 0,760 780 0,800 9,820 


formulas give values differing from these measurements 
by only fractional parts « of 1% up to heads of ( 0. 8 m. eS aie me Ue Oo 


of Formulas Use i in Europe with Recent Tests. .—The 
er has ‘restricted himself to a comparison of the four formulas for the _ 


poe water over sharp- crested weirs, which are in common use in Europe 


Lines for Weirs 0.80 im high 


Tests of the fur 


Swiss Society of Engineer 8 
and Architects formula 


+ +++ Rehbock's formula 
Rehbock’sformula 


© Tests of Lindquist 1926 
Swiss Society of Engineer'sand ved 
Architects formula = 


1774 
‘ 
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(Formulas (9), (10), (11) and (12)). A comparison of formulas of 


= 


Fteley and Stearns, and H. W. King, M. Am. Soe. C. E E., which are commonly 
used in the United States, has not been made. 


: Relatively few new tests have come to the writer’s attention in recent years. a 7 


Most ; of them were for only one height of weir and, therefore, did not permit 


a thorough comparison. Since the publication of the writer’ formulas, the 


mation, so that the could be caleulated. the data are "those 

Fr. Schaffernak, in Vienna, Austria (1915), Er ik G. W. Lindquist, M. Am. 

Soc. C. E., in Stockholm, ‘Sweden (1926), and the ‘Swiss Government Depart- 


ment of Hydraulics (1926). AML these > gaugings v were made with ‘the greatest 
| 
| care, re, but with different equipment and different rating methods, k . 


ge sistas published* the results s of seventeen measurements rw raw weir 

n. m. long and 0.56 m. high for mean heads’ lying between 0.0288 m. ‘and ~ 
radia m. m. In these tests only one ventilator pipe » with | a cross-sectional area os 
of about 5 sq. cm. was provided for aerating the space under the jet. This 


pipe certainly could not have provided ‘sufficient air for heads greater than 


0.2 m. Therefore, only» the data for heads less than 0.2 m. may be consid- 
ered to be correct. The results of these eight tests are shown i in Table 63. | 


TABLE 63. —ScHAFFERN: AK’S on A WEIR 0.56 Hi 


GH. 


No. hoy i in meters. | totests of (12) of |. 
Schaffernak. = Mo’ — Ho. percentage, 


0.0488 6813 (0.6327 20.0014 


a’? 

0.0878 | | 0. 0.0007 

| 1427 Be 6322 0.0027 

(0.6860 | 0.6358 4 +0.0002 
0.6874 0.68 6871 0003 


0.0010 


1 


-m. and 


0.0097, or 0.43 per 
differences of observed and (12), = 


_ Lindquist’s experiments,t in Stockholm, were made on a weir, 0.50 m. 
tS height, for heads that ranged between 0.124 m. and 0. 452 m. (Table 64). 


The maximum difference between “observed ‘po-Values and those of the 
Writer's formula is 0.0042, or 0.64 per cent. The mean of al 


Mitte 


4775 
— 
| 
wh 
$0008 
0.16 
J num difference between the p,-values calculated from Formula 
i 
1915, 
Strahl 
TSent to the writer by letter of April 3, 1926.0 


LINDQUIST’S XPERIMENTS ON A W 


EIR 


0.50 Meter Hicu. | 


ho, in meters. 


to tests of 
Lindquist. 


Ko according 
toFormula 
(12) of 


Rehbock. 


Difference, 


| 


= Ko’ — Ko. 


percentage 


> 
Pape 


No. 


| 6405 0.6415 
0.3165 


0.3686 
0.3977 
0.3983 
0.4508 
0.4517 


0.0042 


Mean discrepancy 0.001 85 


The measurements of the Swiss Depar tment of Hydraulics, i in | Berne, agree 
- equally well with the results of Formula (12). These measurements were 
: made on a sharp- crested weir , 0.8 m. high, | at the Amsteg Power Plant, 
ve Switzerland, and the data were given to the ‘Swiss Society of Engineers ee 
Architects to be used in ‘preparing standard Sasa for weir measure- 


Table 65 shows | the mean values of po, Which are presented in Table 26 of 
the “original report. of the Swiss Department of Hydraulics previously men 
-& 

to ‘Formula (12). 4 


“tioned, and the corresponding 1, -values according 


mean between observed and computed values of p, Ho is 
per cent. 

4 


ydraulies ag agree still more. “with the of 


of le: 
7 

for t] 
not 
howe 


most 


pees 
writer’ formula (1911) +: 


‘he the and the ‘results of 

Fo ormula (19) do not in any case exceed 0. 0024, and the ‘mean discrepancy 

2 * betwe een all observed” and computed values i: is only 0.0009, or 0.14 per cent. A 


of the values of observations and those | of Lindquist 


65. 
's of weir, is shown in Fig. 65. 

A ‘comparison of coe of disch: arge determined experimentally in 

— Vienna, Stockholm, and Amsteg for different testing layouts, with the cor- 
‘responding ients calculated by Formula (12) shows” a maximum dis- 

~The mean discrepancy for the entire — -three 


+ Zeitschrift Verbandes deutscher Architekten- und Ingenieur  Jahrgang 


1776 REHBOCK ON PRECISE WEIR MEASUREMENTS | ‘(Papers. 
4 
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po-lines i in ‘Fig. it is hoteworthy that the 


writer ‘Formas (12) and (19), took into consideration “only 
observations for weirs 0.5 m. or less in height ‘and for heads - up to 0.18 1 m. in 


231 m. for the former. 


iasanaes for the latter and up to 0. 


te Swiss DEPARTMENT 


— 


| 


| 
Mo, according to 


to. 
fiir 


Wasser- 


of Rehbock. 


in percentage. 
e 


ding 
> 
erence, 
7 


Difference. 


rding 


Mo, accor 
Formula 


accor 


Diff 


wirtschaft. 


Difference, » 
Formula (1 


Difference, uo, iu 
percentag 


tests of Amt. 


KO 
€ 


0.6252 


0.6271 | - 
0.6307 | — 
0.6347. 
0.6295, 
0.6442 
0.6541 
0.6590 
0.6640 
0.6691 
0.6742 
0.6793 


0. 6646 
0.6694 
0.6741 


0.6737 


0.6832 
re! 


0.6877 


Arithmetic 
Mean an discrepancy 


‘| 

_ Even if the p-values weir and overflow heights were 


‘hie by consideration of the law of similitude : as a basis, they show a variation — 


of less than } of 1% from the p-values later obtained by the Swiss Depar a 


ment of Hydraulics or on weir and overflow heights of 0.80 m. Sa aor 

__ Experiments were also conducted i in ‘the Hy draulie Laboratory at Dresden — 
for the purpose of checking Formula (12), but the details of these tests were 
not published. | a A letter from H. Engels, Director | of this Labor atory, stated, 


however, that the agreement of the formula with the experimental results was | 
satisfactory. 


OM. ‘Carstanjen* shows discharge curves for two series of experir 
ly the late A. Koch in| 


isch nts made 
Darmstadt and the corresponding discharg 


“according to Formula. (12). ‘The: experimental and calculated curves ‘Tie: near 


n dis- 


ogether, but the data are presented in detail, so that a ‘numerical 


comparison of the Hy Values can be made. 
In addition to these more recent verifications in the various 


hydraulic laboratories of J E urope, the writer has also a report from Dr. Hahn, | 
of the J. M Voith 


Koch-Carstanjen, “Von der Bewegung des Wasse 
, Berlin, 1926, Julius Verlag, P. 56.0 


und den 


curves 


Company, in Heidenheim, Germany, that F ormula (12) 


dabei auftretenden 


| 
> 

AMSTEG B 

| 0.1 | 0.62) 0.6248 | +0.0014 40.22 | mmm | 40.0010] +0.16 
Om | 0.62 0.6265 +0.0004 | 40.06 | 0.0002 | 
0.62 0.6298 —0.0004 | —0.07 0.0913 | —0/21 
4 | O06 0.6388 —0.0015 | —0.24 0.0024 | —0.38 
OM | 0.6876 | 0.6382 —0.0006 | —0.10 0.0019 | —0.30 
| 0.6428 0.6427 -+0.0001 ‘01 0.0014 | —0.22 
at | 0.6542 | 0.6521 +0.0021 | 0:33 0.0001} 40.02 
0.6569 +0.0027 | +0.40 0.0006 | 40.09 
vere da Om 0.6617 +0.0029 | +0.48 0.0006 | +0.09 
on 0.6666 +0.0028 | +0.41 0.0008 | +0.05 
0.65 0.¢ +0.0026 | +0.39 0.0001 | 
0.6 +0.0023 | +0.34 0.0006 | —0.09 
5 | +0.22 '6895 | —0.0018 | —0.26 
of 

3 
men- 

0.25 
nt of &§ 
the 

.(19) 
ts of 

Rak 
yaney 

t. A 
6 

es 
lly in | 
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The extensive gaugings of the flow | over r sharp-crested weirs made in the Th 

last years by the Swiss: Society of E ngineers and | Architects have not yet 0.5 to 

pe published and, therefore, could not be included in 1 the comparisons | which turban 

‘The experiments* by Ployd A M. Am. § Soe. C. for a weir of entirel 


124 Lo -values still higher Bazin and from 


eir Gaugings by Schoder and Turner—The authors’ paper, 


7 the results of 2 438 gaugings, is the most comprehensive compilation of the 
i 3 records of gauging of sharp-crested suppressed weirs that has come to the | Th 
: _ writer’s attention. It includes the results of experiments on weirs of different head r 
oy heights, under wide ranges of heads, and is a source of altel of inesti- | the je 
After detailed study of the 017 "measurements | in in Series: D to P to 
14), the writer has come to the conclusion that these measurements witho 
for weirs of noeneal height (0.8 5 ft. to 4 ft.) under normal heads between 1 in. | f th 
* and 2 ft. were made with a particularly high degree of accuracy. For heads i if 
less than 1 in. (0.025 m.), the data are somewhat erratic, but this is considered ad t] 
7 = unavoidable because measurements of heads could only be made by means of have 
: — the float-g -gauge Ww ithout a vernier scale and, therefore, could not reach a1 a very 
The accuracy of ‘the for the weirs, 5.5 and 7 1. ft. in height is open to 
“some question. the coefiicients of [os are plotted as abscissas and Th 
corresponding heads, | ho» as ordinates for the weirs of different heights, 
Form 
it will be seen that the coefficient of discharge for a given head decreases 
; = ‘regularly as a function of the height of weir for weirs which are 4 ft. or less in pane 
: height. However, some of the coefficients of discharge for weirs 5.5 and 7.5 ft. g Uvely 
high are partly greater than those for the weir 4 ft. high under the same by bl 
heads. is wholly unreasonable to think ‘het, for” a | given head, the 
"coefficient of discharge _ becomes greater when the weir height is increased 
because the velocity of approach must become increasingly slow er. 
7 tan The erratic behavior of the data for the weirs, , 5. 5 and 7.5 ft. in height, is a 


a at once tsanabbe to the construction of the approach channel shown i in Ki ig. 6.t 


The surface of the fixed bottom of the approach channel over the 30-1 -in. oa 


‘are 


A pipe appears to be only about 5 ft. below the weir -erest, -while the movable : th 

bottom near the weir hes below this level during the tests of the two highest sai 

weirs, s. Undoubtedly, the disturbance arising from this type of construe 

tion changed | the flow | a way that the “effective” height of the weir wy 
actually much less than the height measured from the crest to the 

of the approach ¢ channel near the weir. The fact that the data for the 5.5 and a 

r Ww 

5-ft. weirs (Series D, K, L ‘M, and O, Table 1) : are obviously. is, 

‘en, of little importance, because sharp-crested weirs more than 4 ft. in ot 

“height are almost never used in practice. 


Du.. “Verification of the Bazin Weir Formula by Hydro-Chemical Gaugings,” Transactions, 
Am. Soc. C. E., Vol. LXXXIII (1919-20), p. 105. 


+ Proceedings, Am. Soc. Cc. September, 1927, Papers” and Discussions, pp. 
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The writer also feels that the accuracy of the data for heads greater than 
0.5 to 0.6 m. (18 to 2 and more) is also questionable. ‘There are 


turbances in the law of similarity at low heads, but these are barely perceptible 


if the head on the weir is about 0.3 m. (1 ft. .) and they disappear almost 


entirely at higher heads. ‘If the povalues of Schoder and Turner for high 


heads were correct some new disturbance must occur w which makes co 

eficients of discharge increase suddenly if the head is greater than about 2 ft. - 

This is hardly | to be. expected and is not borne out by the experiments of i = 


| Swiss Government Department of Hydraulics which tow been summarized — 


in Table 65 and Fig. 65. 

The mo most common cause of such abrupt changes in the discharge coefficient- 

| head relation at the _ mae is insufficient ventilation of the s space between 


the jet and 


measurements from pol curve, straight, is “chargeable 
| to insufficient ventilation, or to some other cause, cannot be stated definitely 
without having at hand more detailed information concerning the arrangement - 
of the testing layout. 


ae ‘the measurements for heads greater than 0.6 m. Q ft.) are neglected 
and the formulas are applied only to heads less than 2 ft, as Bazin and Frese _ 


have recommended, the comparison: still covers: nearly the entire practical 
| 
of heads, w hich is generally used sharp-crested w eirs. 


_ The coefficient of discharge, poy i in Formula (7) was calculated for each = 


of the. Schoder and Turner gaugings for - all heads between | 0.01 m. and 0.60. m. . 7 
These Mo -values are compared with t the cor rresponding ‘po-Values determined by 
Formulas | (9) to (12), inclusive. — dng 66 to 71 show gr raphically 1 ~ 


comparison of the observations for we eirs 2, 1, 14, 2, 3, and 4 ft. high, respec- 


tively, as found by Formulas (9) , (10), (11), and (12) . (See, also, Fig. 64. = 
“The limits of the formulas, as given by their respective authors, are shown ' 

by black points. ‘ Beyond these limits the curve of the formula : is shown only b 


These diagrams show that, in cases, F Formula (9) gives res much h higher 
_Yalues of discharge for a . given head than the Schoder and Turner tests indi- | me 
cate. ke Formula (10) shows a somewhat better agr eement, but all the values 


are still too high. Formula (12) shows the best t agreement with the results 
of the authors? experiments. Formula” (11) also agrees quite. well with the 
experimental results, but shows mean differences nearly twice as large a s 


Fig. ig. 72 shows the ‘mean differences between the | coefiicients of discharge, 


tests an 
caleulated by 0), and (12), for all heads 
between 0.025 and 0.60 m. and for hy < 2p. ng 
«Fig. 72 shows that the formulas of ‘Bazin and F ‘rese give values of “Mo which — 


are on the average approximately, 6.3 and 3. 2% greater than t the e corresponding 


Ho-Values determined from the experiments of Schoder and urner. Formula 
(11) shows a mean discrepancy of 0.70% from the authors’ tests, while in ‘the — 


of F ‘ormula (12), this discrepancy i is 0. 38 per 
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dew It should be stated that the discrepancies mentioned between the 

8 Seat and the observations of Schoder and Turner are the mean values of — | 

_ the absolute percentage differences based on the value of Bo according to the - 

particular formula under consideration. In other words the figures represent 

the arithmetic mean of the percentage deviations, without regard to algebraic — 


"sign, between each of the discharge coefficients given b by "the authors 

corresponding discharge cooficients ‘sovording to the respective formulas. 
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(12) for very. small. heads between 0.015 and 0. 025 m. on the 


3 different weirs. The difference for these small heads of nearly the same height 

is the arithmetic | average of ‘the -value es. ‘differenc are small and 
reach only 0.0023, or 0.33 per er cent. 


determined from the test data of | Se shoder ‘eal: Turner, Seiualtennak, Lindquist, 

‘the Swiss Department of Hydraulics and the corresponding coefiicients 


calculated | y Formula (22). The magnitude of the ‘differences is indicated 
symbols shown the legend (Fig. 4 74(d)). It is noteworthy that 


neatly the differences are than 0. 0025 > and that more than 


‘Tt will ni seen ‘tad thins are no larger zones ‘in this diagram where the 
- differences are consistently greater r than 0.0050. — In general, these 1 relatively a 


Fig. ‘it is possible to ‘determine ‘the effect of an error of 


het ‘Slight irregularities in the magnitude of the velocity of approach to the 
, wee as they occur i in a normal channel do not have ¢ a material influence on the 


“the s same e throughout its entire length ‘and a as s long a as ‘the ries is in an axi: al 
“direction. | Schaffernak conducted two series of experiments on weirs, one with 
and the other without screens in t the approach channel and found that, | f 
although the velocity distribution was quite different in ‘the cases, the 
coefficients of discharge differed not more than b by 0.2 per cent. . The close 
4 agreement between coefficients of discharge as determined from the tests made | 
in Amsteg, Karlsruhe, Ithaca, Stockholm, and ‘Vienna, each. with 
different testing installations, pe to indicate also that. slight irregu- 
__larities in the velocity of approach have little effect on the results. . Large 
variations in the magnitude of velocity and | the direction of flo flow in the 
approach channel, howe ever, as they can be produced by bafles which 
improperly placed, or by abrupt changes in the section of the approach channel, 
may have an appreciable effect on the accuracy of the results | as the Schoder 
Turner tests with baffles showed. Such installations should be av 
Pa Soon after presenting Formula (12) in 1912,* the writer stated,+ that this 
ty orm la might be expected to give reliable values of the discharge coefiicient, 
Por for sharp- crested, suppressed \ weirs “within 0.005 - the correct value for 
‘heads down to 0.02 m. and perhaps even to 0.015 m.”, and that this limit of 


0.005 “will not be exceeded for heads up to 0.5 m. to 0.6 m. and probably not 


r In i issenschaften, Teil, 2.. Band, 1. “Abteilung, 


des Verbandes Deutscher Arch. u. ‘Ing. ‘Vereine, 1913, ie. 4 
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even for. larger heads if the is question fully ventilated 


been justified by the of and Turner and of 
Gg _ the other experimenters referred to in this discussion. If the observations — 


of Schoder and Turner, of Schaffernak, of Lindquist, and of the Swiss Gov- | 
 ernmental ‘Department of ‘Hydraulics are “correct, the mean. 
I] 


- = the discharge computed | by Formula (12) and the octenl discharge wi 


Formula (12) has the over the other formulas in use, of 
"agreeing more ¢ closely with experimental results, of being simpler t to use 

_ mathematically, and of having practically no limits to its applicability. 
a While the writer has attem pted to show in the foregoing that his a 
¢ ‘im flow over ‘sharp- -crested weirs is in ‘substantial agreement with the results — 
of precise measurements and that rates of discharge may be calculated with 
_ ample accuracy from properly ‘measured heads, he | does: not intend to convey 


always or even n generally betwe een 0. 2 ‘to 0. 3 per ‘cent. These Timiting 


P a accuracies can be attained in general only, under the most favorable laboratory 7 
es: with th excellent : apparatus and by an experienced observer. In gen a 


eral, the limits 3 of error may lie between 0.5. and 1 per cent. These bounds 


‘should not be exceeded under reasonably favorable conditions. 


i presenting the results of their comprehensive series of experiments on — { 


the flow of water over sharp- crested weirs the authors: have rendered the "4 


Engineering Profession a most valuable service. _ They are deserving of the | 4 
gratitude of all l who are working i int the field of hydraulic engineering. - The ” 
data on their own experiments, together with the data of numerous other 7 
experimenters at Cornell University, are most valuable contributions to the 

_ The writer wishes to express his thanks to F. Theodore Mavis Assoc. . Me 
Am. Soe. C. E., Kenneth C. Reynolds, Jun. Am. Soc. | Cc. E., and Karl Grein 


and Th. ‘Musterle, of Karlsruhe, for their assistance in calculating the coeffi- 
cients of discharge from the Schoder and ‘Turner data and frome the four 


G. W. Linngutsr,* M. Am. Soo. E. (by letter). t—This 

ae valuable paper shows that the distribution of velocity in the channel on. 
_ the up-stream side of a sharp- crested weir has a great influence ‘on the dis- 


charge. On the of experiments, the authors have derived : a formula, 


(D),$ the application of which requires a knowledge a the di stribution of 


Research Engr., Hydr. Laboratory, Royal Tech. Univ., Sweden. com 


+ Received by the Secretary, May 4, 1928. 
Proceedings, Am. Soc. C. E., September, 1927, and  diti 
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This formula does not seem to have a first 


_the parenthes sis is of the dimension, while second has the 


5 
L , and is “of he nature of a volume” since the 
> 


3.33, has dimension, L ‘Such dimensionally incorrect formulas should be 

avoided as they only express result obtained with a a particu- 


lar experimental arrangement, which usually ‘cannot be duplicated by other 


experimenters, spite the fact that, in most cases. , the Schoder 


“surface tension) under the influence of gravity and flowing 


over an infinitely high, vertical weir, with horizontal and sharp crest. 
Since no other forces are considered as acting, the stream lines are parallel 
and have the same energy content. ‘The factors ‘determining the discharge are. 


the acceleration of | gravity and the head above the crest. : 4 


The ratio, , can b be found, with the aid of « dimensional emanate be, ‘oa 
ives 
Lot 


which i is derived by the usual 2 method of j integra ng discharges 
of the sheet, the value of is found to be, 


For a a sharp coefficient, can be to be ‘mathematically 
equal to 0.407. The discharge coefficient, is thus 0. 611. be 
re. Under these assumptions, pl has a constant value for all heads. 1 If the» weir 


is not infinitely high, pe can no longer be constant, but must vary , with - 
height of the weir and the head. Indicating the height of the e weir as w, the _ 


as h, and head as k, p must be a function of the ratios, 


Theoretically, must be a constant when w and 


equal to 1 when h= ow, or when w=. From these considerations it is evident 


F ‘that it is not sufficient to assume that, 


Since would then become o when the height of weir is very in 
with the head. The expression, satisfies the theoretical con- 
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(24) Equations ep, the: ‘resulting 


now a real fluid (viscous, and having a a certain 


tension) ‘flowing over a weir of finite height the energy content of the 


different stream lines i is not the : same, due to the viscosity. For this Treason, | 

two weirs havi ing the same value will show the same value of 

when the ‘distribution of velocity the same at the sections at which ‘the the 


they « can be only when the values of the Reynolds’ ‘number are the 


same. = ‘This criterion of similarity i is the product of the mean velocity in the 
a length ‘the: section, and the Teciprocal of the kinematic 


The length can n be the hy draulic radius, giving, 


n this case, F, the perimeter, is, L w). ‘Hence, 


Pe _ Among other things, the Reynolds’ number is dependent on the width and 


height 0 of the weir and the operating head. Consequently, » must be a function 


__ Experiments to determine the loss of head i in smooth pipes “a the resist 


of ‘smooth plates, towed through ‘still water, have shown that the 


Reyn nolds’ "number the resulting equation as f (- 1) sath rather than as 
"showing ‘that at t high or large: dimensions the viscosity does not affect 

the ‘magnitude of these quantities, Hence, for cases, Lady 
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are usually large, the influence of the 1 viscosity can be neglected. ow 


it must be stated that this conclusion ony holds true w hen n the ' type of | of flow is” 


turbulent. For v very low heads on high weirs, laminar flow may occur, ir, causing eo 


7. In most cases met in practice, the distribution of velocity 1 in the cross-sec- 


tion at which the head is measured, is determined chiefly by other forces or os 
arrangements than the viscosity and is not governed by any kr known mechanical a 
law. To take into account the influence of the distribution of velocity o on the he 
‘discharge, the relation between the velocity heads as computed from the | mean . 


velocity may be compared with the mean Kinetic energy of the 


4 


Considering a mass" element, d m, wing through a cross- “sectional 


and for the es cross- -section, the] kinetic energy is, be 


and the total mass » through = ect 


“aa 


‘The ratio betw een these e differently computed velocity he heads is “a on 


is not a constant, but varies from case to case, a 


Veelecting ‘the influence of purely viscous the relation 
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The mean velocity at the section is, 
7 
Hence, the mean velocity head is, =f 0 
and 
(29) 
sist- 
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_ In the Schoder and Turner experiments, the value of $, ‘computed on the 
basis of the curves for the vertical element at stream, var ies as folloy vs 


However, the question arises as to completely determines | the 


2 influence of the: velocity distribution 10n p. Imagine, for instance, two. distribu- 


tion curves with the same value of § and with the same mean velocity, but with | 


4% different sur surface and bottom velocities, as ‘shown 3 in 1 Fig. 7 75. a It s seems — 
that -values will differ, 4 press 
made 


Assume that 1t the flow is the result of an iaeneid 1 pressure, Po, on the sur- 


face instead of. the force of gravity. ‘Under the assumption that viscosity is 
affecting ‘the the stream lines are parallel at in infinity and have the 
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in which, p and v are the pressure and velocity at an ny point: and p is the 
_ density of the fluid. jf At some point: beyond the orifice, the stream lines are ‘ 


- parallel and have the same . velocity, v Ww _, which the « outer stream lines have had 
since leaving the orifice, because the surface of under constant 


Ifq q is the sesiiaaaias per unit length and ¢ is the coefficient of contraction (see > 
In order to find an expression for computing d apply the law according - 


which ‘the change in momentum, between initial and final sections 


equal to the forces acting. in ‘momentum i: is pq and the 
forces are due to the pressures, Pos , and the pressures on walls. These latter 


pressures may be denoted by Spe and Spay. The integration is. to be 


made ‘over the entire boundaries and the differentials have the follo 


combining Equation (42) with Equations (39), (40), and (41), and simpli- 


velocity of the walls approaching the pressure on 
this face w ill decrease as the velocity increases. Tf the value of the ied 
is known it is possible to. compute the value of the coeflicient. 


is This analy sis has been made by assuming an ideal fluid not acted upon by 2 


gravity. ji According to experiment, with gravity acting, the fluid filaments are 4 
sensibly parallel a short distance outside the orifice and, hence, - this factor” 
has only a ‘slight effect On the path | of flow. - err As for the motion of the fluid 
‘within the basin, it is immaterial whether » the flow i is assumed to take ener 


under the action of gravity or a ‘constant pressure, 
The ] presence of fluid friction in a real fluid Sins change 
any of the conclusions drawn f from Equation (43). 

ite a vertical weir in an open channel is ‘assumed - to be one-half 1 ay basin 

with the height, - and head, 
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measure the pressure on: the Sates of the weir to determine the total ‘lian of 
the > velocity distribution on the value of ee As such ‘measurements have not 


previously been made in connection with. measurements of the sues it is 
not possible to fix the total influence of the distribution. | ae - 
‘The molecular ‘forces m may affect the dischargé | of a 1 sharp- pene weir in| 
one of three ways: adhesion, ‘causing the nappe to cling to 
aa the. crest, and givin the effect of its being rounded; second, by the surface 
= tension acting ¢ on the surfaces of the sheet and giving a force i in the same direc- 
tion as the force of gravity, thereby causing an increase in the “vertical 
-_ aeeeleration of the discharge; and, third, by a combination of the other two. 
aa If the rounding « of the crest may be considered as constant for all heads, 
e oye be greater 2 at lower than at higher heads and the relation 


an) which, * eis ‘the ra radius of the cr est aint by: the adhesion. — The effect of the. 
surface tension may be taken account using expression, 


in which, Ti is the pg is the volume. This” 
function can be found by aid of dimensional analysis, 


The: influence ¢ of the molecular forces may b be illustrated Fi “igs. 17 and 78, 
which | show the same e discharge over a sharp- -crested weir, 700 mm. high, made 


of brass. _ The writer’ 's experiments have shown that there will be no ll i 


over such a weir when h = 0.0026 m hi = 
begins. If: this is slowly increased, the sheet will cling ‘the ‘until 
head i is 0. 059 to 0.062 m., when it) wil become free. By touching the sheet, or 


by introducing air below it, it can be freed when h > 0.0105. 


“board, etc. By slowly lowering the head, the sheet will remain free until 


= 0.010. It will begin to cling at some point below this head and is always 
_ clinging at h = 0. 0088 m. At heads greater than 0. .062 m., , the sheet will be 
free, These values are for a water temperature of 11° “cent. 


Within this range it is possible to make the sheet cling by means of a BS 


function of the dimensionless | quantities, —, 6, 


the same value when each of the ratios is the same 
respect to the conditions expressed i in Equation (38) the writer 


purpose the tests by the Swiss Hydrographic Bureau at Amsteg,* Bazin’s | 
- ex eriments Nos. 5, 7, 9, and 10 , and the Schoder and Turner Series D to 0, ie 


* Communications du Service des Eaux, No. “Contribution l’étude des 
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distance from ‘the draft- tube | of the Amsteg plant was 23 m. Between. aa 
A 


and the turbines thirteen racks were installed to’ quiet the ‘surface. a 
er - The Bazin experiments were made i in n a channel 2 m. . wide, using the same - 7 
weir crest. The channel of approach was 44 and 95 m. long, respectively, —— 


below calibrated, sharp- o-erested weir, the height of which was 


too o high pe not affect the value. of this alee because the same weir was used 
as an indicator of the discharge. 


Fig. 79 shows that the Ba Bazin experiments give points ts that £ fall close to a 


straight line. The di divergence of the points from the mean curve may 
attributed to the e exper perimental error, which according to the writer’s iy ie 


affects the third « decimal place ieien average > line may be represented by the 
= 0.640 * 


S| 


. 


‘The computed value of 6 is, therefore, 0.515 X — = 1.16. 


show that the distribution of velocity has been ‘regular a nd fairly similar in all 


Before studying the Schoder and Turner tests. in . the same manner as those 7 


2a 


of Bazin, it is first’ necessary to examin e the experiments on high weirs 
e (1*), particularly the D, J, L, M, respectively, as to 7 


The authors do not indicate te probable errors of the experiments in spite 


of | the great assistance that such a computation gives for judging the relia- - 
The formula for determining the 


‘gi differential of Equation. (21) which gives, 


ais Proceedings, Am. Soc. C. E., , September, 1927, Papers and Discussions, pp. 1896- 1397. — 
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of the instruments ‘used ¢ or the v 
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> 


tin: diagrams for the Series D, K, L, M, a 


_ those for Series ¢ J, itis found that, upward from a point 4 ft. below the crest, 


diagrams are fairly similar and that below this point the depth very 
Bittle: effect on the currents. From these exper iments, it seems to the writer 
‘Fa to be quite impossible to make a decision as to the applicability of any formula, 


since the results are so greatly influenced by ‘the experimental arrangements | 


— The Schoder and Turner Ser ies I KE, F, and Ns are re shown i in Fig. i It w will 


be noted that the - points « can be nena by a a straight line, the ‘slope of 
_ which is 6. In the lower range of the abscissas, the points diverge from this line 


increasing amounts as the abscissas decrease. The three series of experi” 
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the greater 1 the angle, 6, for any series, , the —" be the value of 8. 
This i is illustrated i in Fig. 82, representing the Schoder and Turner Series G, 


H, I, and K, and the « experiments of the Swiss - Hydrographic Bureau at 


: 


mama 


Series G, H, and I can be represented fairly well 


Equation (52) will give for w = 0, only when = 379 ; and it is, 


therefore, limited in its application. As there are no peluiats on low weirs 7 


_ under very high heads, } it is necessary to find the proper form of the equation 


For the ideal flow | an orifice, such as herein, Professor 
M Mises, of Berlin, Germany, has computed the values of the coefficient of con- 
: traction by means of conformal transformations s. His values (see Table 66) 


can be a represented by the empirical formula, be 
o=0. 611 0.33 


a 


is a straight shows, that under ideal conditions this 


¢ near the limit, o= 


‘TABLE 66. —CoMParIson oF COEFFICIENTS OF ConTraction. 


ay 
h+w w computations. ‘Writer’ s s formula, Equation (52) 


Paper 
and the Swiss series can be as represented by Equation (50). fore 
 &§ In this discussion it has been assumed that the experimental values can be - . in 
by the formula, 
iG 
wh 
= ‘be 
— 
Oe _ The agreement between the values found by Mises and those given by Equa- - 
tion peen 
4 
fon ,are 
4 
— ae 10000; | 0.941 


ra 


n account of this agreement and the 


the for crested weirs, fits its pur- 


(54) 


* The form of the function i is not — n. As the p p. diverges from the we 
line representing the formula for higher heads, _ the effect of the molecular _ 


forces | may be determined by subtracting the , peg yiven by Equation (52) c 


which represents. the results of and Turner Series E, F, 


aa 
| 


9.02 0.04 0.06 0.08 0.10 O12 O14 016 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 ey 0.36 0.38 0.40 voy 


a 


Since a number, the “numerator, 0. 0007, has the dimensions, includ- 


the surface tension, T, which, i in common with other factors, 


temperature. 


formula for computing the 


th + w\? ( 0.0007\ / 
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 Schoder and Turner Series E inv 


"Swiss Amsteg 
| (Bazin’s Se Series Nos. 5, 7, 9, and 10.. 


nd The formula is rather complicated, but for peietioatt use it can be repre- 


When the head on the weir is low, , the velocity. of approach ie very ‘little 


in influence on the p-value. _ Assuming, then, 0.001 as an upper limit ae 


, ignoring the velocity } and making = 0. 55 and p = 0. 62, 


the resulting relation between the head and the height of the weir, at which the 


h+ 


me ‘a. a aati 


- 


+ — 


1ence of the molecular forces could studied n 


n the Hydraulic Structures 


.. The writer is indebted to Mr. ir. He Andersson and Morrough FP. 0’ 


Jun. Am. Soc, O. E., for assistance in ‘the preparation of this discussion. . 
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history “of cl science engineering but be ‘wir way in : 


which new theories and» practices have been—and are—constantly overthrow- 
ing old theories and practices, only to be themselves overthrown by still other 
(= theories and practices later. * thousand years or 80 from now, practically — 
all the present theories and p ‘practices will certainly have been superseded 
or radically changed; but why wait a thousand years? not encourage— 
rather than discourage—such men as Professor Sherzer, who are trying, now, — 
; to » discover the errors in = theories and to devise others, | better and more 
35 is ane a ‘series of head- -capacity curves of a steam- condenser 7 
eine water pump mp with low head and high capacity, y, and in Fi ig. g.36 a series | 


for an oil- -cooler ¢ cireulating water pump with head low capacity. 


curve. This: droop i in the curve was not the test until 
the last. curve was being taken—at 7 720 rev. per min the points: 
this speed were carefully checked and. found t to be correct. It Ww vas 


discovered that similar ‘notched curves: could be drawn through the points 
of all the other curve points taken at the lower speeds. The droop in the 


head- -capacity curve appears to be characteristic of centrifugal | pumps and 
fans.§ Probably the chief reason that this’ peculiarity has not been noticed 
before is: that most pumps and fans have only a slight droop i in the head-— 
pacity « curve which : is scarcely noticeable, and the points of the curve are. 
usually” taken on test only ‘at the shut-off point ‘and near the rating pc point, 


the section in which the Vi is most likely to. occur nearly always being omitted. 


we 


of the paper by A. ‘Shorser,, Assoe. M. Am. Soc. C. E., continued 


§ “Performance of Centrifugal Fans for Electrical Machinery,” by 
_ Transactions, Soc. Mech. Engrs., Vol. 46 (1924), 287. al 


May, 1928, Proceedings, — 
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‘Fig. 35.—SrErres OF HEAD-CAPACITY CURVES, MAIN CONDENSER CIRCULATING PUMP. 
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Fic. 36. —SERIES or Heap- CAPACITY CURVES, OIL COOLER 
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COX ON NEW THEORY FOR THE 


(14% inside, that of Fig. 36, 118 in. and 54 in, 
ues of the head at_ shut-off, as calculated by the formula, ,—, for the two- 
pumps, are 110.6 ft. and (245 ft. at speeds of 720 and 1750 rev. per min., — 


respectively, instead of 33. 5 ft. and 117.5 ft. as actually obtained on . test. The 
values calculated ‘the formula, are 55 5.3 ft. and 122.5 ft. 


wierd, sal Y wert 


the 
_ Another way of ec considering the action of a centrifugal pump at shut- off 
is assume the impeller to be a. rotating hollow disk or cylinder of Ww rater 
In Fig. 37, let R be the outer radius, in feet, and r the inner radius of a 
cylinder of water, L ft. long, rotating ata speed of WN rev. per min. about its ‘ 
inal Point Oo. The volume of the differential element: shown in the diagram ; 
is, therefore, dv = pdodp, and the weight, in pounds, of the element is 
dW= wlp d 6 dp, i in which, w is the weight, in pounds, of 2 cu. ft. of fluid. 
The for. centrifugal force acting on a rotating body of. weight, W, 


tating at a speed of N per min., at a distance of ft. from 


; ei ‘rotation i is Fs lb. For the element considered in 1 Fig. 37 the velocity, * 

is, V = ft. per sec., R, = p; and "Substituting: these 


133 
| 
y 
| 
= 
—— 


7 ‘tv Simplifying, integrating, and substituting the ‘proper limit 
700 9 (i oF) Ib. 
total pressure acting at the circumference of the cylinder. The of the 
surface, in square inches, is A= 144X 2aR The pressure 
at the periphery, in pounds per square inch, is P = - 1 , and nee 1 the 
“values of F and 4 


of the two impellers at their respective speeds of 720 and 1750 rev. per min., 
the head at shut-off is 29.4 ft. and 72 ft., respectively. — These results do not 


@ check the tests either, because it is difficult to determine the inside diameter 
the rotating disk of water Gt sor of the same as that of the and 


a of a centrifugal ‘pump is cosa more and more 8 and the volume of 
the discharge increases, the water t takes up the rotational ‘movement of ‘the 
impeller to a less and less degree, un until at full capacity the water flows almost 
radially outw ard through the ‘Impeller. course, under | such circumstances, 

“centrifugal force cannot be | acting on the water (as Professor Sherzer’ s results 


show), and centrifugal force formulas cannot well be applied to the calculation 
of the head, 


The w has also endeavored to devise : a theory for the centrifugal P 
; —a theory v which should account for the V-notches in the head- -capacity curv 
of Fig. 35, and which should enable these curves to be predicted from the pump 
_ ‘measurements, as Professor Sherzer has done in Figs. 9,* 10,* and 11.+ The 
-writer’s endeavor has not yet been successful, but it has secalted iz in i! New 
_ Theory of Fluid Flow”,t which may be of interest to pump designers ‘and to , 


engineers studying the flow 0 of water, ‘oil, or air, and to those interested 


the thickness of lubricating films and in heat transmission through fluids. 
: ‘There do ‘not seem to be sufficient: detail of design and test data in Professor 
Sherzer’: paper to enable one to check from this information alone whether 
or not some of the chief points of the theory are correct. This is a minor 
: omission, for every pump designer should have ‘sufficient detailed pump data 
of his own available for checking the theory independently of Professor 
Sherzer’s data—which, after all, is a preferable method checking; but 
ould seem of whether the theory i is, or is ‘not, correct, the data that are giv en 


Would seem to be sufficient here is a new ‘method of pump 


Loc. cit., p. 1794. 
a Journal, Franklin Inst., December, 1924, and December, 1926 
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cox, ON THEORY FOR THE CENTRIFUGAL PUMP 
‘design which is capable of being applied in some cases to obtain excellent 
results, such as are shown i in Figs. 9, 10, 11, 15, * and 16. . Also, the author’s 
conclusions in regard to guide-vanes are supported by y the recently pr published - 
tests of Mr. H.F. Schmidt.t 
: _ The e centrifugal pump is a machine of complicated action. It has ¢ pressure _ 
; _ effects and velocity effects; it has centrifugal and other inertia effects; it has: 
frictional and eddy effects; and if poorly designed, it may have sudden droops- oo 
in the head- -capacity curve, or vacuum pockets formed i in the impeller, similar _ 
to cavitation effects in ship propellers, etc. In an effort to design a simpler 4 
and to apply what has been learned. from analysis of pumps having» 
head- -capacity curves as shown in Figs. 35. and 36, the writer has been so 
fortunate as to have developed a radically new but eesti type of axial flow | 


4 pump. The first tests indicate that the w eaknesses typical of the usual design 
Q this type . of p pump have been avoided and the good points of the e centrifugal - 


pump—particularly for high-head work—have- been retained and improved 


. upon. It is hoped ‘that testing will be completed some time during | 1928 sO 


that the details of the design can be made public and thus add a little = 
to the rapidly growing knowledge of pump design. 


~~ * Proceedings, Am. Soc. C. E., October, 1927, Papers and Discussions, p. 1797. Am 
ae t “Some Screw Propeller Experiments with Particular Re ce to ‘Pumps and , Blowers,” 


Journal, Am. Soc. Naval February, 1928. 
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‘hom This Society is not responsible for any statement ‘made or opinion expressed 

AFFLE- PIER: EXPERIM ENTS ON MODELS OF 


Discussion 


"was a problem t to engineers for many years and, although innumerable respec- 
tive devices were created, none of them really deserved tol be called a solution. - . 


= 


of the subject helped greatly to delay a satisfactory elation, 

the principal one being the failure to differentiate between the effect of 
impaet of falling water the effect of a change of the distribution of 
thread velocities as related to their ‘distribution for the ‘normal flow of 

— from the description of the ‘results of experiments on models of | 
«Pit River Diversion Dams Nos. 3 3 3 and 4, , respectively, it is s safe to state that the , 4 
luable addition to 
fa the knowledge o of practical engineers as well as a scientific “nut to be cracked” 4 


by those who are interested in the “ ‘why” of hydraulic “puzzles. Whether or 
not the arrangement. of bafile+ piers, as finally chosen by the authors, will 


‘prove as successful for an actual flood of 70 000 cu. ft. per sec. as it did for — 
corresponding discharge over the model dams, is question which only 


xi, experience can answe er definitely. 

= The writer, however, believes” that, as 


te as” the stilling action is con- 
“cerned, no no appreciable difference between 1 the model | and the actual conditions 


will show unless p pulsations should develop due to disturbances in the unpro- 


tected river the dam. “it must be realized that the natural 


Process of bed- forming i in a river is handicapped by any artificial cbetraction, 


~ 


__* Discussion of the paper by I. C. Steele and R. A. Monroe, Members, Am. Soc, 6. E. 
a 


Designing Engr., Quinton, Code and Hill, Los 


~ 


= 


a 
| 
| 
i 
| 
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‘BAUMAN ON EXPERIMENTS ON MODELS OF PIT LIVER DAMS 

4 Before any hydraulic computation on a weir itself i is done, nm there- 
fore, quite ‘important to study the behavior of the river in in its natural bed 
some distance below. A river flowing on alluvium forms its slope. to suit 
itself. = Governing i in the formation of the bed is the flow for ° which the volume 
of transported débris is a relative maximum. The respective depth is often 
called the “bed- d-forming depth” ; and the respective flow likewise “the bed. 
forming flow.” hydraulic radius, r , and slope, for this flow a 
the main characteristics of a river. ts low stage, a a river has the tendency — 
to raise its bed, whereas at high stage, and especially at flood, it has” a lower- 
ing (or a scouring effect. It must be understood, od, therefore, that scouring 


‘dine s place ‘continuously (except for very low of whether 
mass of the water; py 

= velocity of 


weight of water (62.5 5 Ib. per cu. 
= coefficient of friction; 


unit t weight of the body, corrected f for uplift ; and, © eae _ 
a coefficient it depending on the shape of the exposed 


ay, 


as a particle of sand, a piece of gravel, a pebble, or a is 


P= 


Equations: (2) a and (8) and “alt 


z much greater volumes of débris are moved at times than are given by Equ- 
(4). ‘This i is due to the fact that, beside the scouring force, Pia force, D, 


is active as shown in J Fig. 52. al Yor 


‘Let f = area of cross-section of a water column; 


ss & = sin a = — = slope of the water surface ; 


d= = : depth of the stream; and 


= average Co coefficient of eS 


‘The 
whi 
bed 
| 
| 
— “4 
— 
of 
— 
ia 
the resist 
di 
a 
A 
4 
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Then, according to the law of energy, di, 


‘Tf f is made equal to 1 sq. ft. 
which is ealled ‘the dragging force. The resistance, , of 1 sq. ft of river 


q bed (Gece 8) is is, 


| = mine the depth, t, of es river bed that is in mati or the limiting size, o 
of the pebbles or boulders moved. ‘This: is. is. equal to 


4 


“state of inertia corresponds a. flow during “which neither ‘scouring nor set- 
tling of débris occurs. It applies ps to rivers with stony beds, such 
¥ as the Pit River, because sandy beds are seldom at rest. _ ‘The abrupt 2: 
in pressure between the water in the upper layers of a sandy river bed and 
the relatively fast-m' -moving water threads immediately above has a lifting | effect 
on the top particles which, once: loosened, are readily carried a way. ‘The 


ae vertical v locity corresponding to this change i in pressure has been observed 


oe to be from one-tenth to one-thirtieth of the horizontal. velocity. _ 


| 
As long as ¢ (Fig. 52), therefor 
a 
a | 
| 
—— 


- BAUM AN ON EXPERIMENTS ON MODELS OF PIT RIVER DAMS. 


It is ; quite important to design the weir with due respect. to the natural 
sililine of the river. | The main so somrce of scouring of over- pour water a 


: too often lies in a poor adjustment of the weir to the natural bed of 
the river and above | all of the apron. W eir construction is pny as. often | as 
possible at low water and the temptation to put the apron on top of the then | 


existing bed with a minimum of excavation is considerable. > The bed- for 


flow alone sometimes will lower the bed. enough | to cause the water to jump: 
the high apron, producing impact and eddies and probably doing more 


damage than a great flood would with a well- designed apron. afore- 
mentioned handicap to the shifting of débris adds seriousness of this. 


4, 


be 
er by “hydrodynamic, static, last but not least, economic its gor 
only. As to the f first, it must be remembered th that. all the n mathematically 


deriv red equations of hydraulics must be supplemented with empirical ecoeffi- 


cients in order to make them applicable for practical use. Although these 


 dllbiiiaie may often be chosen successfully from those determined for similar 
= elsewhere, the most reliable determination, undoubtedly, will result 
a experiments on models representing 1 the actual conditions as close A a 
possible. This has been done by the authors. The greater the veloc 


involved in the problem, the greater. the discrepancy between the 


theoretical and the actually observed conditions and, therefore, the greater 


will be of experiments because little is about the 
“ryshing or shooting” > flow; that is, the flow at an average velocity, v, , greater 


than wave velocity, V», inasmuch as” ordinary hydraulic formulas strictly 
apply to “quiet” flow; that i is, for v < vy only. 

a ‘The discharge from. a weir usually represents the case where water of 


velocity is absorbed by water of lower velocity. the changes 


; velocity would occur very suddenly or, in other words, along a a cross-sectional 
plane and the absolute velocity of the tail-water were rather small, a hydraulic ’ 


would occur, “mathematically expressed as follows (Fig. 53): 

i the w width of the stream, b, is is the same at both sections, 7 


Substituting the value c of 7 in ‘Equation (10), abn 


ad aye 


g 
ad 2 


Substituting Equation a3) in to Equation (12) ‘and solving for 


| 


a. 
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= 
"which is a well: known Note. that, since cannot become negative, 


the sign before the radical is always plus. If the discharge is altered so as 


This 1 ‘means that j in order to produce a jump, the velocity | head, his must be | 


least as great as c one- -half the depth, or the velocity, 7 must at least 
- equal to the wave velocity, Pw Another condition for the elimination of a 


in whic becomes zero for v Vv, =, or, in other words, no jump occurs if 
Vy 
_ the tail-water velocity 1 is equal to or greater than the velocity of ou: e over-pour | 


water in the e plane of contact. N either the latter condition nor the « one » for a _ 
hydraulic jump, , however, is ‘oidiensie present where a flood discharge | over a . 
_ weir in a (natural) river is concerned, but one or more standing waves may 


form as an ‘ ‘outburst” of kinetic energy accumulated i in the falling water, — - 


to a more or less sudden change in slope. While, i in principle, the 
ancl wave is nothing but a modified jump, its height i is not determinable 7 


by means of Equation (14) for v weirs ‘8 with | a relatively high drop, H (Fig. 54), 7 


| only. approximately, for those with a relativ rely low ‘drop. _ The reason is 


ofa ‘superficial | eddy. Inasmuch as this” energy is non-injurious to either the 
protected or the unprotected 1 river bed, it is evident that the tendency must 


alt 


be be to decrease the undesirable standing wave and to encourage the formation = 


while ‘the remainder i is transformed ins thermal energy to the formation 
i 


a large” superficial eddy. In principle, this may | be accomplished by means 
a smooth transition between the down-stream slope” of the weir and ‘the 
apron (Fig. 54) and by the proper width, length, and elevation of the latter or, 


in other words, by providing depth, The “efficiency of this 


“eddy depends on the ratio of —— (Fi ig. 54), which i is best determined on models. Pa. 


The absorption kinetic energy takes p to such a degrée that the 
water emerging from beneath the superficial eddy always flows with an average 
Velocity that does not exceed the wave velocity. The volume, in cubic feet, 


a superficial eddy required to perform this of 
by Professor Theodor Rehbock* as being et: 


Ve = 3.60Q, 


“Betrachtungen | iiber Abfiuss, Stau- -und Walzenbildung bei -fliessenden — 


er 


> 
= 
= 
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oN ‘(EXPERIMENTS ON MODELS OF PIT | RIVER DAMS 


¥ 


The two. limits of Equation an indicate that an 1 efficiency is involved 


if = a constant, corresponding to 3.60 in Equation (17); 


H, and d, are as shown in Fig. 54; Wi 


The is then te 


It is that the efficiency, » ean be deterinined: on models by com- 
‘puting the numerator, assuming that and are constant and that 


is variable, ‘and by, measuring the respective cross-sectional, area, Plot- 
ting the r resulting values. of | n as ordinates and the > corresponding values of d, . 


abscissas. will give points on a curve such that the maximum indicates 
the desirable. depth, d,, which should be proportionally applied to the the weir 


closely as conditions permit. 


—, which is constant for a small change of Hand v,; 


* = = specific > heat of water; 


T= increase of temperature within the superficial leddy; 


effective length of the superficial eddy; 2 


‘ 


_ 
_ q in which, Q equals discharge, in cubic feet per second, and H equals drop 7 
ii | 
\| 
| 
| 
| and 
| 
— Sul 
— 
| 
4 
= 
g 
— KX 
~ 


= - discharge per linear foot a weir = - 


width of apron; 
= height of weir crest above = 


= coefficient of weir discharge; 
= a constant = T7764 95 and 


m= be written (neglecting 


64 K’ 2 


Substituting the value, a: 


to total de of 4T by the parameters, H and »» is given by: 
and the ae — is. most st effective if if AT becomes a maximum, which 


= 


q 
| 
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) N MODELS oF PIT D. 


Equations (28) and (80), substituting for + d, - 
and the equation, the result i is: 


WwW hen = 1e ‘quantity, 1 — becomes 2 zeY0, , which. at once ¥ 

4, 
‘the quantity, ity, 1 — becomes + 1 and d, = « 


The result of is show n in Fig. At: ‘Pit No. 3 


= 120 ft. ‘Therefore, 104.75 5 ft. and 4, (by Bauation 

sant 
No. 4Dam, Q” = = 515 cu. ft. per see.; b = 136 ft., ,B= = 160 ft, | 


) ft. and Hy 67 ft. +. Un nder H = 50.06 00 ft. 


‘ 
& 


= 70 000 cu. ft. per 
=, 00 ft.,. and Ss = - 103, 00 ft, at Pit No. 3 Dam, a1 a d, = 21.00 ft, 
aa H = = 46.00 ft. , at Pit No. 4 Dam, which shows enough similarity to the 
i depth, d,, and the drop, H (as given by Fig. 55), to warrant a very effective 
superficial eddy. Tn computing ‘its v volume it seems permissible” 


| 


= 
= 452 000 cu. ft. 

or a cross- secti 

2 260 sq. ft. 
mean a, = qd, (Fig. 54). As (Fig. 56) is, roughly, 


X 70 000, 


= — at = 13 ft., giv es an 1 effective length, 
| 
= 60 x 10 000 = 300 000 cu. ft. 


00..." 
= 300.000 _ 0 =18 875 tte 


Hin Feet 


Ss 


Drop H in Feet 
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am), 
and 
ft. 
//// 7 


: 


= = — 145 ft., more or r les 


From this it. is evident. that bafile-piers or or 
a 


e superfluous in all cases where the river bed is protected by an apron under | 
he full length of the superficial eddy as far as impact : and kinetic energy 
are concerned. i‘ in Spite of the effect of absorption, dangerous : scouring 
occurs for distance down the river, it is due to the fact that 
the highest velocities of the emerging water occur at the bottom because of ~ 
absorption of energy from surface. This is contrary to the normal 
io conditions in a river where the velocity immediately above the bottom 
isa relative minimum. To prevent sc scouring, these high velocities 
(see Equation (4)), at the bottom, the river bed would have to be protected 
far beyond | the lower end of the superficial eddy which, however, i 
cases, would add to the cost. — such a way as to make the structure economi- - 


in most 


Guided by these Professor Rehbock has invented a device 


called or “N “Notched d Sill” (Fig. 57 57 1), W which is s placed at the 


nishj 

few 

‘basis 


*U. s. Patent No. 1561 796. 
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first 
in tl 
flow conditions immediately below. As the 
han tl ity, the kinetic energy § 
stream end of the 
— — and its action on the notched 
i pafile-piers, which are exposed 
| therefore, ell for the bi 
stance, the better part of about 800 U netic tion, 
“killed” within the zone of the bafle-piers. This undoubtedly 
especially where concave surfaces are struck, 
is done by the “horses” instead of the — 


oor 


upper fan-shaped threads prevent main stream, deflected. upward by the 


‘Iti is reasons: the fact that the sill has 
stood the actual flood tests that the writer ventures to call it the best solution — 

2 of the scouring problem, both from a scientific and an economic standpoint. — ee 
principle of its action is that the rushing water sheets: immediately 
above the apron are deflected in upward direction: by the vertical face 
of the teeth, thereby producing : a long and flat ground eddy immediately below 
the ‘sill | which revolves as ‘shown i in Fig. 54; - that is, its lowest sheets move b 
an up- stream direction. This movement is” counteracted by the lower 


‘thr ds of fan-shaped jet th he 
reads of fan-shapec jets ‘pressed hrough h the e gaps between the ‘teeth ‘80 as 


mutually to “destroy” “energy” without appreciable scouring of ‘the unpro- 


river bed (deposition has been observed in cases instead). 


teeth, from dropping down on the bottom which it walle otherwise ‘tend to do. b 
Through the concentration of water threads near the surface, the discharge 
velocities there are 2 increased. This, with the simultaneous decrease of the — 


‘bottom velocities, leads’ to the normal distribution of velocities in the dis- - 


a Following the startling results Asboratory,, ‘the notched sill was 
first installed on a 1 weir of the Kraftwerk Friesland in East Prussia where, 

in the spring of 1924, a flood of considerable “magnitude and a duration of 
30 days went over the weir without causing any appreciable scouring, in spite _ : 


of the fact that the | river bed is ‘mostly sand. The peak discharge exceeded 
10 cu. ‘ft. per and ‘the maximum head, 40 ft. Since 1 then, many 


The height of the sill required i is only about one- sixteenth to twenty- 
fourth of H ig. 54), whereas the height of the teeth varies between one- - 3 
eighth” and one-twelfth of Pit No. 3 Dam a height of 4 ft. for the 
“sill and 8 ‘ft . for the teeth wiidiit probably be more than sufficient; whereas = 
Pit No. 4 Dam _one- “half the dimensions would do. 
a ] ‘Furthermore, experiments have shown that, if a notched sill is used, the 
apron. advantageously only two- thirds to three- fourths the length 
of the superficial eddy, or, in the present case, say, 120 to 130 ft. long 7 


‘Pit it No. 3 Dam and 100 to 116 ft. sown for Pit No. 4 Dam, beneenraen-sa ‘ei ee. 


‘on. experiments been, made in United prevailing 


“opinion among American hydraulic engineers seems to have been, at least 


“until very recently, that they are more a matter of academic interest than a € . 
“basis for actual design. The present ‘series of experiments encouraging 
since. ‘they indicate that this attitude i is changing in recent German publica- 


oh 


“tion, ‘Die ‘Wasserbaulaboratorien: Europes’ describes the (ig 
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countries w here engineering knowledge most economic 


‘the introduetion to this | volume, Dr. de one e of ‘the 


hydraulic engineers in Germany, makes the : statement that. far from 
being an expensive luxury, laboratories for model studies ‘are a an absolute 

necessity for the economic design of hydraulic structures. 


ees In the use | of models for hydraulic: studies, there are certain limitations 


which, if they are not known and properly taken into account, may cause the 


~ results to be grossly in error. The principles of dimensional analysis and 
= dynamic similarity, on \ which the whole theory of models is based, cannot be 


applied blindly. In deriving these ‘model laws, certain assumptions are made | 
and, consequently, the conditions in the models must be carefully analyzed t to 

- see whether these assumptions are approximately realized. From an examina- 


tion of ‘many model experiments, the writer is of the opinion that a scale 
effect i is to be expected in nearly every type of model, but that, by carefully 
regulating the conditions in the model, : an experienced investigator can keep 
opr Tn making model studies, the first step, and the most important one, i is the 
proper choice of the model scale. This choice is dependent « on many ‘factors: 


among which may be listed : Cost of model and of observations and computa-- 
tions; purpose of experiment and the accuracy “desired ; absolute: dimensions 


of the “model; velocities in the model; available materials for surfacing the 
model; ease of making observations ; effect of surface tension and viscosity ; 


me 
effect of constant atmospheric pressure ; ; and available measuring instru- 


- In general, it is impossible to state that a certain scale ratio is satisfactory 


for model experiments. In some cases, a scale of 1:10 might give too small a 


model while in others a scale: of 1:500 might give o one ‘that is too large. 


For experiments on some types of structures, such ‘as bridge piers, where 


a _ the formatio: n of surface waves constitutes an important, part of the phe- a 


nomena, the velocities, and hence the vertical scale ratio, cannot be reduced | 


below a point if ‘size of waves is to follow ‘the ‘scale of Tinear 


quantities. there is a possibility of a reduction in pressure at important 
points in the ‘model, ‘the seale of the ‘model is limited by the fact that the 
atmospheric pressure the same for model and ‘prototype. In river” 

models, where the depths and velocities : are likely to be ‘small, the thehinee of 
x vial flow may be determined by the viscosity. The scale ratio chosen should be 

: 4 such that the cost of the experiment will not be excessive and that the results 

will be sufficiently reliable for the purpose at hand. - Besides 1 using geomet- a 


tically similar models, it ; is possible to reduce the cost by using distorted 
mode ls, vertical sections, and half-models. The studies of the Berak Pow er 


Plant, in India, were made with a | complete model to a scale of 1: :96 and with 


a 
vertical sections through the sector gates, bottom outlets, and ‘spillways to to 


ales of 1:36 and 1:52. The hy ydraulic and economic requirements are always 


“considerable experience in this kind of work. tie 


it opposition and the proper compromise between them : can only be made after ‘ 
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MODELS OF PIT RIV 


‘he y and reliability of experiments | on models depend on the vile. 
and, of: course, on the accuracy of observation. Studies at the Hydraulic 

Research Institute, at Munich, Germany, ‘show a good agreement, both | 
as to the discharge and the erosion, between a model built to a scale of i: 50 
and its prototype, one of ‘the small dams of the Mittlere Asar Project. In 7 
these experiments the size of the model was reduced by making it a helf- 
model which 


center line. of the stream. LA few years ago a well of the ‘Harbor of Sink 

holm, Sw eden, . constructed to a horizontal scale of 1:300 and a vertical scale. 

of 1: :100, was tested at the Technical University of Stockholm, and it was 

found that. the velocities indicated by the model agreed within 10% with those 

in the harbor . This diverg gence was decreased when the layer | of slightly saline 7 
sea water in the harbor was reproduced in the model to the proper scale. 
- While the turbines at Lille Edet were being tested, a rough check was made 
on the agreement between the actual ‘conditions of flow and those show m by 
the model, which | had been used | in the design. . It was only possible to eX- 
amine the principal currents, but these se were found to agree exactly. — 

great savings in cost of construction that are wre very often 
voule by ate experiments | are shown very clearly i in the e publication pre- 


 hattan where it was proposed to o increase t ‘the on the plant by 


underground conduits from the tail- -race to a 2 point in the river below acon- 


trolling section. 7 ‘The proposed plan would have cost about 3 000 000 Swedish 
at the Technical University and it was 
poe that these conduits would not have the desired effect, due to peculiar Ca 
eddies at the intake. Asa a result of the model studies it w as s decided to 


know the water level i in n the river below ‘the of f flow. 


Ifa controlling section occurs below the ‘apron, it is necessary to i increase the | 
of the model until the flow line i is obtained. 
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ACIENCE OF FOUNDATIONS 


Discussion* 


Messrs. Lazs arus Wuire, R. D. N. Sram, ann 


Am. M. Soc. C. EK. (by letter).{—Those of the Engineer- 
ing : Profession interested i in foundations—and who is not—should count them- 


selves fortunate that a man like Professor Terzag 


geological, and scientific equipment, has turned his attention 
to this heretofore obscure subject and has thrown gre: at beams of light u 


i it, cutting like swords the numerous fallacies which have checked past pr 


- - When the writer was an undergraduate student he was thoroughly imbued 
be 


ith | the cl: assical methods of computing earth pressures » bearing | values of | 


‘soil, distribution of pressures, and pile- -driving formula commonly taugh 
Rankine, Baker, Cain, , and Wellington— —and, after his graduation thirty years 
ago, he set about to apply them. Fortunately, he was also imbued with the — 


philosophy of Tyndall and Huxley—to no- ‘theories or 


mulas unless borne out by experiment. Huxley stated that. une clear exper 


: by the accepted theory might forever upset that theory 


xperiment conformed to it to shit the target” of an n observed result, 


construetion, he that contractors completely and successfully 
_ Rankine and Cain in timbering work, and ‘ ‘vot away with it” in so many © 


instances that by no scientific philosophy ‘could th their ‘theories be 


sta 
- Again, his faith in Baker’s ‘ ‘Masonry” was upset. by the observation that — 


* Discussion of the paper Charles Terzaghi, M. Am. Soc. continued from 
May, 1928, Proceedings, 


m 


Pres., White & Prenti 8, Inc., New York, 
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wnifiowes loading did not eniduiin uniform settlement. Hence, with practically 


all the classical notions upset, the writer decided to observe foundation Dhe- 


- nomena for himself — and to accumulate data bearing on a new science of 


In 1914, during ‘extensive underpinning along ‘William Street, 
New York City, mar many steel. -eylinders, 14 in. in diameter, were driven. by 
hand hydraulic jacking into ground composed _ of varying | mixtures of sand 
and clay. afforded an n opportunity. to measure accurately the “pressures | 
applied. ‘During the work the elastic of earth were observed, espe-_ 
cially” the rebound after releasing the load, and these were plotted by the © 


engineers of the Public Service of New York.* In 1915, Mr. 
Moyer and at Pennsylvania State College, published 


presst 


depths and various eccentricities in relation to the applied (See Fic. 
) Using these observations as a basis, John F. -Greathead, Assoc. M. 


eo 


tted Vertically 
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25.— PERCENTAGE oF LOAD TRANSMITTED FOR DIFFERENT DEPTHS OF SAND. 


Due to ) the manner in experiments were ‘made—the pressure being 
recorded ¢ on an area equal to the area originating | the pressure—it does not 


the ‘variations in beneath the footing. pil 

., published another bulb of pressure and, 

areas, was able to show variations 


_* Engineering News, Vol. 85, No. 27, p. 1268, Fig. a aa 
+ Engineering Record, Vol. 71, No. 11, March 13, 1915, p. 330. i 5, lenders 
t Engineering News-Record, December 30, 1927, Fig. 3, p. 1037. " a 


7 
| 
diagrs 
| 
| 
4 | 
| 
| 
| 
— 67 Depth of 
plotted lines of equal vertical pressure beneath a 13}-in., circular plate,t dis- 
closing in a manner which can be readily grasped the general distribution of 
ae pressure beneath a footing. This he called the “bulb of pressure”; so far as. i 
— 
4 ik 
' 
| 


pressure immediately below the footings . (See Fig. 2 27. ) In gener ral form si 
diagram is similar to that of Mr. Greathead, but it is more aceurate* | 


26.— Loap DISTRIBUTION BY BULB OF PRESSURE. 


i the same time Professor Enger discovered the g great t variations in inten- 
sities of pressure under footings of edifferent areas, as compared with aver _— 


‘unit loads. His formula for such variations is = in which, 


ratio (percentage of average unit load) cat the depth, h, ‘immediately below 


the center of the footing, and d is the diameter of the footing. This i is of great 
interest, because if it is assumed that the soil has elastic sions and that 


a stress- strain relation exist (the applied loads giving the stress. and the 
settlements, the strain or compression), the bearing value of large footings 


cannot b be directly proportional to their areas. 


nes 


van 


at 
Fig, 27.—LiNEs oF EQUAL VERTICAL UNIT PRESSURE IN PERCENTAGE BASED my 
Bul Later, the Joint Committee on Stresses in Railroad T rack of the Society — 
and the American _ Railway Engineering Association in its report,+ showed 


Engineering Record, Vol. 73, No. 4, January 22, 1916, p. 106. 
Transactions, Am. Soc. C. E., Vol. LXXXIII (1919- -20), 1545. 
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the stresses in ballast below railroad ties as ascertained by an il 
apparatus. Of interest was a capsule by. which intensities of 


pressure at various points throu; gh a mass of ball: ast could be. determined 
‘simultaneously. “This ‘Teport is. a mine of information for the foundation 

engineer, especially the full demonstration of the ‘elasticity of the soil beneath 
a railway track. A new ‘ “bulb of pressure” was published. -and—even more 

_ interesting—the effect of one footing on its neighbor. . It was found to be 
the s same as superimposing one “bulb of pr pressure” upon another or, rather, 


one with another and plotting their combined “effect. 
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In 192 1925, Assoc. M Am. Soe. C. E., published* a curve: 
thee bearing values of ‘footings or loads for equal settlement 
were not proportional to areas, but to diameters. * Mr. Goldbeck invented a 
3 pneumatic pressure gauge, with electrical contacts,t which gave very acc urate 
ti results. . For bearing blocks of 0.371 to 8.33 sc sq. ft. , the device checked the 


In the writer’ r’s experience, buildings on compressible soil do not settle 
uniformly, but in parabolic ¢ or catenary curves; the center of. ‘the building 
“@ settles much more than the perimeter. _ This is particularly marked | in the 
City of Mexico where numerous structures show the characteristic curve in 
_ their courses. The reason for this should be. apparent from data ¢ given herein. 
‘Since buildings exert pressure on huge areas the intensity of pressure at the 
center is very great, and they cause a corresponding compression of the ground 
> 

so that the building finally assumes a dished shape. (See Fig ig 29. “The 


fallacy of the that structures, uniformly loaded, settle uni- 


. Soc. C. E., Vol. 88 (1925), p. 264. 3 
Proc Am. Soc. Materials, Vol. XVI, p. 309, (1916 
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Fic. 29.—VIEW OF Sc HOOL OF MINES. CITY OF MEXICO, SHOWING DIFFERENTIAL SETTLE- _ 
_ MENT oF ABOUT 3 FEET AT CENTER OF A BUILDING UNIFORMLY LOADED. a. 
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a building 
| wide ine entire a area around it. “The iaiiedl level of the building was the same 
fas the sidewalk. ‘The total settlement w as approximately 6 ft. ma 
=} The Society’ s ; Special Committee on Bearing Value of Soils for Founda- 
tions, etc., has performed its work painstakingly, bu but in a field very difficult and 
rather barren of results; that i is, soil classifications and nomenclature 1 to define 
‘soils. 7 An of definitions can be made and ye yet one ; may 
“eft in tl the dark”. Professor Terzaghi has t taken foundation engineers “out, 
of the woods” as far as nomenclature i is concerned, and, by establishing a few 
simple physical classifications, it now seems possible to evaluate soils in terms 
of bearing power, This work is well begun by the Ss. Bureau of Public 
Roads under his direction, and more valuable results - may be expected soon. 
In describing* the characteristics of clay and its behavior in the ered 
of water due to viscosity and surface tension, he per formed a valuable service. | 
Recently, in Detroit, -Mich., while excavating in clay and tapping ; wet areas: 
under pressure, subsidence of surrounding buildings was observed which con- 
formed to the principle laid down by Professor Terzaghi. A wet clay layer, 7 
in which 9 water was supplied from seamy bed- rock below, when tapped at a on 
depth of about 100 ft., yielded a considerable quantity of water. Simultane-_ 


ously with the pumping | of this water, settlements of neighboring buildings, 


several hundred feet away, were noted. - Through the 2 underlying rock the water . 
beneath the su ibsiding area was pesthy drained—thus causing shrinkage in 


the wet clay | layer above, which was equivalent to superimposing a load suffi- 


cient to squeeze the same volume of water out of the clay. rd oe 
_ Another effect, noted at Detroit and Albany, N. » me was that the Ww recking © 


or removal of buildings wa as fe followed by slight settlement of neighboring 


structures, where the 1 region was underlaid by a stratum of wet. clay. “is ee 
J It has been long observed that buildings on compressible soil do not settle 
uniformly as to time, but rapidly at first and then more” and more slowly. — tO 


This has been vaguely ascribed to the fact that water is “squeezed from the - 
saturated soil below; but by means of the “thermodynamic parallel”, Pro 

fessor Terzaghi_ has been able to evaluate this phenomenon and to 


theoretical time- settlement curve of great value. This: also has | a geological — 
application to alluvial deposits, and indicates that ‘thousands of years a 
elapse before an deposit is consolidated. Tn this connection the 


of a stratum is significance in locating valuable structures. 


are fully consolidated and, therefore, 


old ponds, or lake beds are dangerous The latter a are > not fully 
and tl 


not yet out. the deposit may soem stable, an additional load 


will cause a flow of water and a ‘subsidence or settlement. In some situations 
a ‘trained geologist may be a better guide than the engineer, even if the — 
has had much experience with foundations, and none in theoretical geology 

To illustrate how a structure § settles, the information ¢ given in Figs. ro 


and 32 j 1s very interesting. is the of a uilding on which settle- 
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ments” between 1924. 1 Fig. (a) to inclusive, 
ill ustrates the catenary curves of walls 1 resting on compressible soil. The 
va arious curves show that the time. settlements are first and then 


NOTE: 


® indicates —_ Marks set Oct. ct. 13, 1920 
when shell of Building was ar 
Completed. 


J 


Fic. 31.—PLAN SHOWING Location MARKS. 

a The materials beneath the building were explored. test 

- holes (see Fig. 3 32 2 (b)) were drilled q ft. south of the face of the south 
wall (A-B) and about 1 ft. inside the curb line.  * Bench- Mark 20 (Fig. 32 


(b)), a pipe was pushed to i about ut 37 ft. Light driving sent it down to ft 


this point the penetration was about; 2 in. per blow until, at depth of 


ft., the blows sent the ] pipe down in. and the driving was. 


At Beneh- Mark 24 Fig. 3 32 pipe was to 33. 33. 7 ft. before it 


es a total penetration of 48.29 ft., the next twenty blows failed to move the | 


A 12- Ib. sledge- hammer was used ing 
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and, with the drop- hammer “then used. He introduced | constants to give 


ita 


reasonable value. Theoretically, ‘it has factor of safety. of 6, that is, 


wooden pile which, by the Engineering News formula, gives a working value 


of 15 tons, has an 1 ultimate value of 90 ) tons, which is absurd a small 
wooden pile. 


(a) SETTLEMENT DIAGRAM WALL A-B 


a Approximate line Clay 5 
Footings 
Soupy Clay 


“April. 
=— Aon 1922 


SETTLEMENT DIAGRAM WALL B- DIAGRAM WALL D- 


Oct, 1920 Oct. 1920 April 1921 
— 


SETTLEMENT DIAGRAM WALL D- SETTLEMENT DIAGRAM WALL F- E 


AjApril 1921 __Oct, 1920 1920 


19 


To cover the use of steam hammers, then coming into use, Wellington 
“arbitrarily changed his denominator, S + 1, to 8 § +- 0.1, giving ‘no good 1 reason 


exept that the more rapid blow “of the steam hammer ought to give that much 


"better results. a matter of fact, there is much ariation in the 


hich steam- hammer blows are struck. Vulean hammer 
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1830 WHITE ON THE SCIENCE OF FOUNDATIONS | 
The Engincering News formula, now incorporated in many 
_ has done a great deal of | harm, because its official character has misled owners | 


and engineers as to its _ reliability. — The writer has encountered cases where | 
pile foundations, conscientiously driven to the E Engineering News formula, 
have failed. He h: has repeatedly checked results obtained by using the formula, 
testing the driven piles with hydraulic ‘apparatus, and has found the formulas” 
decidedly inaccurate. The use of the Engineering News fi formula has: checked 
progress. - Because of its official adoption, , engineers have ve often computed pile 
~ values: by it and have not made tests Ww which they would otherwise have made. 
In this : connection it should be noted that the result of a loading test on 


a single p pile should 3 not be conclusive as 3 to a group. Each pile of a —— 


‘the total of the group divided by the number of piles. This is because of 
~ overlapping of the areas supporting each pile—a similar effect which ¢ —_ 
—_- areas to ate larger bearing values i in proportion than large : areas. all 


‘thes search for the stone. In this respect. engineers 
are worse off him: they were before the invention of pile formulas when they 


‘Telied | on tests of piles driven under similar | conditions to establish values. 


The only safe tests ; are those on a sufficiently large group to eliminate over- 


lapping effects. Such tests will demonstrate the wastefulness of spacing of. 


closely when not driven to rock, or an equivalent bearing. 
_ Professer Terzaghi states* that piles ¢ are often driven in areas where they 
add dd nothing to the bearing value of the soil and sometimes even detract from. 


— and that the utmost value that can be 3 ine st such locations is that 


of an intelligently | ‘designed spread footing. — The writer has even seen cases 


where driving piles in wet clay has had 7 a negative value—because ws the 


The author has the very important question of the relative 
bearing values of small and large spread footings and has thrown a great deal 


of light upon it, although there is much need | of | further investigation along 
these lines. That the bearing values’ of large footings are not in proportion 


to ‘their areas: as compared to small footings is to the writer, _ sufficiently 


proved. : He | has encountered many cases" where settlements of large footings 


were much more than those for smaller ones % In a case where a high pbuilding 


was founded on a soft coral rock, the smaller footing settled about 4 in. and: 
the larger, 6 it in. , although i in this case the larger footings were designed with 
Tighter unit loads than the amaller ones. Similar results ‘were observ served in 


underlaid by peat, soft silt, ete. 
In designing spread footings the old and easy assumption mn. for.t the designer 


(that all that is necessary assume a 1 working unit load—so many 


of spread footings) has ‘ed, Ww | continue to lead, “to failures. The 
heavier the loads the more conspicuous the failures. 7 Account meet be taken 


oof the shape 0 of the footings, their relative sizes, their spacing, whether or 


pon C. E., November, 1927, Papers and Discussions, p. 2281. 
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not they are too close together to work ion of dead 
live loa oad, ete. On this point the to ‘differ with Professor 
4 Terzaghi as to the value of loading te intelligently made, they 


do not have all the data they xy Cot 
; but they enough to avoid pitfalls which they fallen 
into in a past and to produce designs - far more intelligent ‘than those here-- 
-tofore considered good practice. Engineers r may even en decide not to build high 7 
buildings on certain | areas: with ‘soils not adapted carry heavy loads, 
43 there are. many such areas within: the Timits « of large cities. 
_ The author is rather pessimistic as to. the» value of soil tests as an aid to 
the proper designing of foundations. ‘The writer, however, believes that “a 
~ tests, intelligently made and plotted, are of great value. The complete e settle- 
ment curve should be obtained. The ideal apparatus for this is the hydraulic — | 
jack, with which reliable data for a complete curve can ‘be rapidly obtained. 
This is illustrated in Fig. 88. Tt is much ‘superior to the method* a advo- 


-eated by th the Society’s Special Committee on Bearing ‘Value of Soils for Foun- 


dations, ete. 7 By testing bearing areas of different sizes, a vi valuable relation — 
may be found for use in n designing spread footings. In the case of the building | 7 


on coral rock, previously mentioned, bearing are eas. of 1 and 2 2 sq. were 


tested, using pig iron for ‘the loads. — These tests, plotted as settlement curves, 
beari 


plainly» revealed that the earing value , varied with the diameters of the foot- 


ings, the area of 2 sq. ft. having only 1.4 times the value of that of 1 sq. ft. : 


Had the designers been cognizant of this relation, the impracticability of 4 

any spread footing for this building would have been evident. ene 


results shown in the papert in connection with sand- -mica “mixtures 


are most interesting but undue nen may be g given to ‘the shape of the p 
grains. not. the compressibility of the mixture high because the mica 
powder itself i is very light and has” a high percentage ape a Its mixture > -_ 


— 


7 with sand increases the percentage of voids very much. _ Any mixture with 
a large voids- -ratio, | or, in other words, with a low specific | gravity, is bound 
to be _ compressible and unstable. The writer hes observed — natural — 


; deposits, apparently highly | micaceous, which are dense and of good bea 
; value, although it aad be that a actual measurement would show the percentage — 


_ The writer ay por ish to disparage the use of sand- -mica mixtures to 

: simulate earthy materials with various voids-r -ratios, | but wishes to express an 

7 ‘opinion that the compressibility of soils is due more to lack of consolidation 
or to abnormally low specific gravity for the ‘material rather than to the 
a presence of mica or flat grains, although that is a factor in. compressibility. — : 
In the paper} the three that the behavior of the soil 

in the foundation pit are given as: First, » the ‘volume change produced by 


an increase of pressure | acting on the soil, ete.; second, the permeability, a 
the soil, ete.; and third, the cohesion or shearing resistance of the soil. | 


with 
d in 


* Proceedings, Am. Soc. C. E E., March, 1922, Papers and Discussions, p. 527. 
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WHITE ON THE SCIENCE OF FOUNDATIONS 
which may be a a combination 


of the soil « or rock in an n old well 
soil of nature. instance, if the material is sand, determine 
its weight as compared to a sand of an old and well consolidated geological 7 


if it is clay, similar relation. very wet, 


pared to an old d limestone. ‘This relation 1 is not hard to find, because old earths 


* 


resumed — 
24-+hours-later. 


Settlement -Inche 


(a) SETTLEMENT CURVES 


LEVATION SHOWING OF CONDUCTING 


The author draws a very sharp ‘cohesive and -cohesion- 
less soils. there are great differences in cohesive eness between different 


— 
isse le 
— 


OUNDATIONS 


Is is not open to question, but in the w yriter’s experience there 1 is quite a 
eisithins of cohesion in all soils. Even clean sand such as that suitable for. 
- conerete will break in the bank wiles a curved fracture and stand vertical for 
a a certain height. » The writer is inclined to doubt the great effect of depth on 


settlement, unless the added excavation reveals a decided improvement of 


the ground. For ins tance, P rofessor Terz aghi states dl for a footir 
‘perfectly cohesionless material, a a depth of —=1 reduced settlements to only 


 one- third of what. they ‘would be if the footing rested on the surface of the 

E ngineers are greatly to author diseu ussion of the dis-— 

“shown: clearly 

(for the first to the writer’s the po the results 
ordinarily computed with the common theory of uniform pressures and 

that of the much ‘more correct theory of Professor Enger. A great difference 7” 

is show n, the m more correct theory yielding | gre bending moments. This 

q may explain why, » in Detroit , a concrete | mat supporting a large office building 


on clay i is reported to show numerous cracks indicating failure. x Single spread — 


footings, such as the ordinary. case of an individual footing for ach. column, 

- - the loads being concentrated under the center of application, will y ield smaller 


bending moments t than under the theory of uniform loading. 

The w writer feels with Professor Terzaghi that the future. of 
engineering as an applied science _is decidedly encouraging and also” 

engineers are merely on the threshold of this science. ~The principle obstacles 

progress” having g been removed, ‘that. is, various ¢ -entury- -old assumptions 
‘that do not conform to Nature, the engineer can now go ahead. — oe ae 


can be added: to the present knowledge. of by applying 
er i and Mr. Goldbeck for determining 


the distribution of stress can be determined so that it is ‘possible to compute : 


ctly the bending moments in footings. > The relation of depth of footing 


0 set ettlemente and that of areas: of footings to settlements, can an also: be deter- _ 
is 
pene if. not by this method then by ‘direct loading tests on footings of differ-- : 


sizes and at different depths. By the use of hydraulic “apparatus it is 
possible to obtain a wide range of tests. in a limited time. . By this method i 


the effect of various shapes of footings on bearing capacities and settlements : 


sind also be found, and by testing groups of piles singly and in combination, 
investigator can determine overlapping effects, etc., the proper spacing of 


piles for the best results, and the relation between the bearing capacities of — 


asingle pile mda grou 


In the past engineers were content to state, that a building settled very 

little, but accurate levels recorded, with comparatively | little cost, weld 

yield valuable and surprising data. In the future, arious representative 


should be chosen for purpose of of making accurate observations 
ALE. 
as to settlement. Professor Terzaghi is correct ; foundation problems are of 


Am. See. C. E., November, 1927, Papers and Discussions, 2269. 
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a a character that theoretical mathematical treatment will always 
be impossible, but by systematically accumulating field ‘it will” be pos- 


ae to approach this ideal much more closely. —, 


_ The writer hopes that the problem of soil classification will soon be solved 


: along the lines ‘suggested in the ] paper. He feels that the Engineering: 
indebted to ‘Professor ‘Terz: ashi, first for uprooting 


to his on ‘this interesting p paper to t pe ‘most 


question of settlement of soils and its relation to the area “of bearing 
intensity of loading. is a fallacy to gener alize from experimental 


ow ithout thoroughly understanding the premises on which, and the objects for 


4 which, the experiments are conducted. TI There are limitations to experimental 


"researches that require corresponding | limitations to be made in the laws — 


_ "experiments under limited considerations and very often i in a slipshod manner, 


has an in 


In the first place, any results that have been determined by individual 


that | is, without any attempt to follow a general o or ‘comprehensive plan n and 


ordinated line or method of experimentation, cannot be complete evidence 


on which to establish | any g general or fundamental Jaw of science. The writer 
has learned from experience that a any attempts t deduce, from an unco-— 


 ordinated set of experiments, some sort 0 of a — formula or law that 


3 


_ would explain the entire phenomena of soil il behavi ior, has invariably raised — 7 


serious complications. Therefore, experiments ean afford no relief to the 
pe esent imperfect state of the science of foundations unless they are based on: 


-@® Constructive | lines of thought; (2) a thorough realization of the assumed _ 


conditions; (3) | a careful diagnosis ofe every factor that influences the behavior 


a soil; and (4) a thorough -ordination of all the information gained. 
<nowledge comes, , but wisdom lingers.” 


There always tendency to take some. plausible results of experi- 


and immediately deduce la laws of relationship between cert tain 
involved and then apply them to every single condition that occurs thereafter. 
‘Whenever inconsistencies are discovered, all kin nds of sophistical a — 


the time insisting that the law, 


tical of a set of convenient results, must to all sets” 


In in every respect, it is possible to state that 


settlement. is proportional intensity of loading in “some and to the 


area in some other way. With regard to the area, the shape of ‘the bearing 


fluence on settlement’ that j is, the settlement of a foundation 
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of the bearing surface. Thus, in a simple way, the relationship | betw een pol 


ment of soil, ‘83 load intensity, | w; bearing area A; and the ratio of. “mea 
I width to mean n length of bearing section (or s some other relation that wou Hd 


truly represent the effect of variation in 1 shape and the consequent variatio 


of volume of depth of soil affected), Tr, may ro given in the general form: 


- In this equation, kis : a . constant 1 that expresses | the characteri istics of the soil. 

i io If this may be taken a as s truly representing a law of behavior for | given 

7 then it would be easy to” direct some experiments along definite lines 


and to arrive at the range between which the values of x, y, and a vary. _How- a 


ever, in the determination of the value of k, the investigator would probably 

get into difficulties. The writer thinks that it is impossible to secure identical 
behavior of soils throughout the : processes of varying load, area, of bearing, and — 
‘shape. Any § settlement 1 may be the result of several different re 


the soil. There may be (1) a subsidence due to closer re- -arrangement of 
materials of soil during a particular stage; (2) settlement due to plastic or a 


| fattening effect at some other. stage, or combined with the former; (3) sinking 
due to escape or lateral flow of water or escape of other loose materials in the _ 
composition soil; shrinking due to compressibility of soil materials; 


ushin 


and (5), under | extraordinary ¢ circumstances, reduction caused by the er 
of the granules or disintegration of soil materials. Equation (12) m may pe or 


be modified to cover these factors also, 


In Equation k may ‘Tepresent a value for soil under standard condi- 


tions, or a a certain ¢ condition of soil behavior when settlement is a minimum. 
c,, ete,, ‘may represent the reductions nece ssary in the values of 


to allow for subsidence, settlement, shrinking, reduction, ete. ee 


< Any soil that is confined before ening 46 the limit of the ‘natural angle 
of (Fig. 34), when loaded, slowly or rapidly adju sts. ‘itself 


, a in different angles until i it attains: the limiting angle of compactness of soil — 
materials as indicated by the position, OB, i in Fig. (84. Beyond this, a 
loading will ‘cause the soil to flatten down to the limiting position of plas- 
ticity C. During this period, there | may not Reve been any change in the 
volume of soil, but merely a bulging outward. Then sinking of soil occurs 


by the escape of water or loose m: material within t e soil, until the penal 


angle of permeability or escape, is. Further loading 


creates pure e compression of the soil materials, and the soil shrinks to the 


limit of compressibility, E’ Beyond this stage the soil sinks’ by the ‘erush- 
ing of the granular shape. Thus, the actual curves of settlement versus load, 


based on experimental results would. seem to ‘illustrate, not one uniform law 


| throughout, but different laws at different stages. ‘Knowing exactly what is 
| taking place within the soil itself, it should be possible to determine these 


laws independently through | carefully planned experiments, and then, by an 
easy mathematical computation, a combined or general law of relationshiy 


might be de duced. 
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vay, assuming that the total settlement of the ‘soil i is ‘the -com- suffici 
bined effect of factors, it may be found conv enient to express the rela- 
tion for determining the settlement in a ‘somewhat better form, thus: settles 

in which the quantities, due to ‘the consti 
effects is of each of the ‘mentioned. throu 

he 
>». the s¢ 
| mater 
will b 
parati 


Tr tana 


-— 
' aa There are — more considerations v which, instead of increasing the settle- owe 


> ‘ment, would: reduce it. The side soil protection and frictional resistance 

‘offered y the marginal soil should modify the settlement of the : soil directly UDS 
below the foundation 1, and then Equations | (13) and (14) will be » further | 


>: Equations | (15) and (16), V and P represent, respectively, the effective 
“volume of soil contributing | to the side protection | of the compressed soil and 


perimeter of beari ng section ; while Mm, N, and D are constants. 


These do not necessarily ‘comprise all ‘conceivable factors affecting soil 
ee, _ There is no doubt | a difference in the behavior of soil under dead 


and live load and slowly or rapidly applied load. Eccentricity of loading and 
qharacter, and nature of distribution of ‘thrusts soil have also_ to be. con 


sidered. In fact, it is necessary to know the law “connected with each 


individual factor that influences the soil and then only can | any comprehensive 
Jaw or laws, which would ‘correctly : represent the soil behavior, be attempted. 


such | attempt at the present state of | knowledge on this subject will 


naturally be abortive. However, for practical | purposes, it may perhaps be. 
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suffic ‘ient to know what volume of soil will be satel - any load | over | any = 
had 


bearing area and deduce with pederence to simple relation the 


settlement of soil of a any specific composition under different loads. 4 
= The volume o of soil that i is directly affected by load is: as shown in ‘Fig. 3 35. 


This concept does not take into consideration, , the soil that “receives any 


indirect or virtual effects of load. it limits the volume to that portion lying 


constrained laterally within the vertical planes bounding the bearing area. 


The bottom would be defined by a horizontal plane (OX , Fig. 85) passing 
‘through highest p point of ‘intersection of the (OA, Fig . 35) of 


of this volume of soil or a large proportion Of it. _ Any relation so determined | 


will be useful in a practical » way in studying comparative settlements or com- 


parative bearing ve alues of soil. 


any specifie acne of soil r may y be simply “ie, 


In which, V is the volume defined in connection with Fi ig. 35, eo Dp, ¢, % 
and k are constants. In Fig. 35, let A = the area of the bearing : surface; r, 


‘the mee in or limiting width of ‘soil that restricts the depth, d, of soil affected 
directly by the load; and a a, ,, the angle between ‘the plane of shear or cohesion _ 


1esion 
and a horizontal | plane Then, =) 


‘For any specific soil c, tan a, k will be constant, 80 so that 


‘such case would be the relation, — | 


in which, Cisa general ‘constant for the characteristics of the “specific soil. 


As example, select two kinds of soils to be compared for bearing 


values. es. Assume that s, p, r, remain ‘the same_ in both ‘eases; 
i and w, are. the supported loads; a 7 and Boy the shearing angles ; ; and 


a, 


rt 


tan ay 


‘quation (21) explains in. a way he values found: by A. T. Gold- 
deck, Assoc. M. Am. Soe. , with various mixtures of sand and clay.* 


The | author states that further efforts are made under the 
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_ tests. = The writer hopes ‘that the results of his research will be furnished to 


the Society 80 that it may be possible for the members, particularly those who 


reside abroad, to derive what benefit they can’ through: ‘such first-hand infor- 


RANK Marston M. ‘AM. Soc. (by +—Considerable 


progress has been made, by Professor ‘mining: adequate and 


“practical, methods of classifying soils. _ For several years, the writer’s firm 


een atti ie labor: atory and field studies on soils with the assistance 


of and by means of apparatus devised | by the author. 


in doing ‘such y work, there i is a real benefit derived from the actual handling 


ete: ‘tests, in addition, some work should be done by the engineer 


responsible for the final decisions in order to acquire the “feel” of the various 
soils and nd to observe closely their characteristics as evidenced by _ varying 

behavior un under test. While the external appearance of a soil sample should be 
_ studied, it may ay be most deceiving as to the actual characteristics and cannot 
be depended ‘upon solely as a means of grouping soils. 
As” time goes on, methods and ‘apparatus, will be further simplified 
and their use will be more Ww idespread. The great diffic ulty” at present in 
“the practical use of these improved methods of soil analysis 1 is in the ‘interpre- 
tation of the results. ne Only the gradual accumulation of data will provide the 
- means for accurately translating laboratory results into terms of large scale 
field experience. In preparing papers such as this, Professor Terzaghi is 


Ps ‘rendering the profession a real service by : arousing the interest of f many inves- 
tigators. : If, as a result of these discussions and investigations, soil studies 
ean be conducted according to standardized methods, records will be made that § 
can be compar ed and used as a basis for judgment by e engineers - generally. A 
tremendous amount of data has been published regarding experiences with 
_ foundation conditions, but the lack of a suitable classification for the indi- 
vidual ‘soils has made much of this data of little v value. 
An illustration can be cited showing the slowness: of consolidation of 
core: material in in a certain hydraulie- -fill dam, with s some data as as to the 
acter of the material according to these lines of classification. AML the 
_ material for this dam was obtained from a borrow-pit in shale Tooated on a 
: steep hillside v Ww vhich was Cov ered with a layer of disintegrated material 3 to 4 ft. 
thick. This layer was the principal source of the core material. 
tag Ten samples of the core material were taken at intervals from the e top to 
a depth of 15 ft., at two points: s (Holes Nos. 1 and 2, Table 7), on ‘the center 
line of the dam. ‘These holes were 12 ft. and 150 ft., respectively, from -, 
of overflow of water from the ‘pool during construction. 
—— s of ¢ core material from the upper parts of the holes were mii 
by pushing down: a 3-in. pipe and withdrawing it filled with material. . This 
- method was s continued until a depth was reached at which the core material 


so soft that it would not remain in the p pipe. Below this | point, the holes 
Gons. Engr. (Metcalf @ Eddy), Boston, M 
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were. ‘excavated by means of an earth auger which worked with fair success, 
except that some soft material slid off the auger as it was pulled up. The 


sampling tubes, in. in diameter and 12 in. | long, “were used with th some 
_ difficulty, + due to the soft condition of the material which did not always fill 


entire length of the tube. 


When a ball of the core material was squeezed i in the hand, it was s found to a 
so plastic that it flowed out ‘between the fingers. In one test hole, the 
material at a depth of 12 ft. contained so much water that, oe standing 


- over- “night, the hole was found to be filled with water to the level of that in the 

able 7 i gives of some of the tests of the core material. 
two 


mc moisture in the as taken from Hole eo. 1 
to 42.4% and averaged 33.5% of the weight of dry solids. _ ‘The samples from | 


: Hole 2 No. 2 varied in moisture “content from 26. 4 to 48. 2 and averaged 35. 5 
cent. ‘The moisture content did not vary - uniformly from the top to the 
bottom: of the holes. The average volume of vali 3 in the samples from Holes — 


Nos. 1 and 2 was : 48. 6 and 48. 0%, respectively, computed on the volume of t the 
wet material as ‘sampled. The specific gravity - of the dry core material was 


- JA comparison ¢ of the liquid limit given in Column (5), ‘Table 7 » with the 
‘moisture content given in Column (ay) (both being expressed in the same _ 


terms), shows that about one-half the samples contained more — when 


taken out than at the lower liquid limit. 
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Fia. 36. —SAMPLE I 712 FROM Test HoLe No. 2. 
sion test was made on n Sample 12 of this core = material for the - 
ibility y of the material 


The dry material a paste and placed in the ‘cylindrical 


apparatus | in such a manner as to exclude : air 
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Observations were e made, by 


means of dials, of the in thickness of the s specimen at frequent. 
time inter vals until there was no further consolidation. T’ he load was then | 


“a incre: ased immedi: ately to 0.74 kg. | . per sq. cm. and similar observations of thick- 
eine for loads. of 1.44 and 2.96 kg. 


ness were made. Similarly, the test 
sq. cm A 


hen n consolidation, had completed, ie ras reduced by the same 

_ increments by which it had been increased, allowing sufficient time for the 
‘sample to expand or rebound to a constant volume between changes in load. 
The moisture content of the ‘sample e was determined before and after testing. : 


- Other values used in the analysis were 


25.2 2 (e = 0.693) ; liquid limit, 35.7 (e- 


gall. 


“4 : Specific gravity, 2 
0. 982) ; diameter of the sample, 7. 00 


; and redueed thickness, 0.705 cm. Tn Fig. 36 (bd), Curve I is the 


.748; plastic limit, 


t 


con- 


a _ solidation curve when the pressure was increased from 0.74 to 1.44 kg. per 
em. , and | Curve II is the consolidation curve the pressure was 


inereased from 1.44 to 2 


em. Points 


* 


.96 kg. per sq. cm. 


Point A (Fig. 36 (a)) represents the oie ratio at the beginning of the 

ta est; Points ae, D, and E represent _ the voids ratios of the completely — 
consolidated s} specimen under the loads of. 0. 39, 0. 74, 1.44, and 2.96 kg. 
and represent the voids ratios. when the specimen had 
"rebounded after removing loads of A. 52 2 and 0. 70 kg. per sq. em., respectively. : 


> 


‘ 
These observations indicate that the material consolidates almost as slowly as 


The coefficients of consolidation, compressibility, and permeability were 


computed (see Table 8), together Ww nth similar ‘figures for a fat plastic clay 


| 


Plastic Clay : 
_ Low pressure 
Medium pressure 
High pressure up to 2,96 kg. per sq. cm 
Sample No.712: 00 
Low pressure 
Medium pressure 
_ High pressure up to 2.96 kg. per sq. cm. 


oF, 


Consolidation. 


1.72 x 10-8 
2.62 x 10-38 
x 10-8 


x 10-8 
‘| 10-8 


Fine Sand, Effective Size = U.1 mm. 


Low pressure 
Medium pressure 
High pressure up to 2.96 kg. per sq. cm....... 


878 000 10-3 
500 000 x 10-8 


| 


Compress- Permes bilit 
ibility. 


| 


4.4 x 10-4 
2.8 x 10-4 
tt 
1.69 x 10-4 
0.74 10-4 
x 10-4 


n that the coefficients of consolidation permeability 


It bagel be se see 


and completely fill the space, The 
i 
| 
j 
1 
4 
| 
J 
q 
)ONSOLIDATION, COMPRESSIBILI 
6.0 x 10-7 
10-7 
000 x 10-3 | 0.5 x 10-4 | 85 300 10-7. 
0.22 K 10-4 | 88 800 x 10-7 
016 x 10-4 | 8 
= — 
| 
oe from those of the fine sand. The greater the coefficient of consolidation, the j 
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- more rapidly consolidation will take place. For the core material, the rate of 
consolidation is exceedingly slow. The indications are that the core in ‘the 
dam bi built with this material toa depth of 15 ft. at least, is in about the same — 


_ State of consolidation as it was when the dam was built, eight years before - the 


The influence of grain size on the variation in lower plastic and liquid | 
limits and the difference | between ‘these limits is illustrated by data given in. 7 


Table 9. These data were obtained by separating into its respective portions _ 
(according to grain ‘size) a sample from the borrow-pit from which the core — ; 


"material was ‘obtained. This bluish or greenish shale which 


TABLE 9. Lower Liqun ID AND Puastic Limits OF THE ERAL FRAC TIONS OF 


owe 


q 


Size, in n millimeters. total weight, Liquid limit. Plastic limit Difference. 


percentage. | 


‘Composite 
0.02 


“35. 
0.02 — 0. 2 


> 


For 0.1 and 0. 02 mm. i in size, the Viquid and plastic imits 
‘should be practically identical. The discrepancy shown in Table 9 is due. tothe 
in determining accurately limit in such material. The 
effective size of the fine material was 0. 00075 and the e uniformity 
4 coefficient v was 20.6. . Thee coarsest fraction, 0.1 —0. 02 ‘mm., had re relatively low | . 

‘ liquid and plastic limits and the difference between them should have been | 
practically : zero. The very fine material than | 0. 002 mm. ) shad high liquid” 


limits and there was a W wide difference between them. 
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# LOOD CONTROL WITH SPECIAL REF E RENCE TO THE 


MISSISSIPPI RIVE 


Messrs. s. k Moyer, M. Hatt, C. 


> 


8. Mover, Esq. (by letter). | wide divergence in run-off behav- 
jors under the current. -coneeptions of the relation of run-off to rainfall, i is 
“most effectively disclosed by an ‘examination of the diagrams presented in 


mos 

e- connection with the paper by ‘Messrs. \ Woodward and Nagler.g§ This fact 
seems to indicate a very real need for a rational evaluation of the accidental 
influences which g give - rise to such a haphazard showing. apparent need 

: affords a timely opportunity 1 to present an entirely different conception of the 

The method of attack herein outlined is ‘some general 

7 law governing the accidental occurrence of storms, and that the chance for — 
such events arises out of basic causes in _ combination, after the fashion a. 
the “hit-c -or- or-miss” fall of the dice or cards. 

distinguished from the current af this develop- 
ment does not assume that rainfall “mag 
in ‘summation; but, on the contrary, it is that these events may ‘also 


- assumed to be one and t the same thing ; and time in its. totality o or eternity” 


of the on Flood Control with Special Reference to the Mississippi 
River, continued —— May, 1928, Proceedings. 


enti Am. Soc. C. E., January, 1928, , Papers and Discussions, p. 165. we? welt! 
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is taken = unity or 100 per cent. “The an of time, or count, is me: asured — 
in relation to the opportunity v offered for the occurrence of magnitudes, with- 


regard» to the sequence of of events; the procession of time is viewed 

as to its content in event magnitudes, instead of in the ordinary 
the chronological order of | ence. 

o 

1€ chronological order of occurrence. 

The 1e words, expecti ancy and probability, are: perhaps unfortunate in. that 

they seem to sug suggest an element: of uncertainty; but an expectancy exam- 
- ination of data, in its recognition of the accidental elements and in its attempt: c 

to assay the chance, elects to face a situation which other methods ignore. 


Once the | fate factors are given proper weight, ¢ a surprising uniformity of 
results may be achieved. 
_ An expectancy analysis was made, _ based on the data giv en for monthly : 
rainfalls and run- -offs for ‘April, May, and June, during the two periods before 


and after drainage, covering the basins of the Des Moines River * above Keo- 


— 


Sauqua- and of the Towa R iver above low ra ity. ‘his single showing cannot. 


be | said to prove conclusively. the v validity of the. approach to the | proble 


question. However, the apparent harmony of the results obtained from this’ 
= analysis does seem to. tend to prove that, on the expectancy | average: (1) 

run- -off is a proportion of rainfall after deducting : a constant loss factor; 


— (2) the constant loss factor is little, if at all, affected by : agricultural drain-_ 


age; and (3) as applying to the area actually subjected to drainage improve- 


—~— 


A 
ments, agricultural d drains cof ‘the Towa type have apparently effected : a a reduc. 
ext tent that the drainage is 


one hundre ed- 


to be about one significant rainfall record to a section 1 of 300 sq. miles, or 
7 the gauge sample of the rainfall is about one thirty-billionth part of the section | 


it presumes to represent. ‘The gross inadequacy of such representation 


evidence of what. happens in a given ‘storm on the 300-s sq. mile section, may 
perhaps best be seen by comparison with a car of wheat. 


ordinary freight car transports about 1 500 bushels, or 9000 000 00 Ib. 
An 


River basing, om which WwW leather Stations are numerous, 


n ounce of wheat | contains | somewhat less than 2 000° a 
kernels; so of wheat is made up of a scant 3 3 000 000 000 


Assuming a sample of the wheat in proportion t to the rainfalls question, 

1 kernel must be taken as a fair sample of 10 or or 12 « carloads, if the rainfall — 
pone are fair, and the absurdity of the ‘representation. becomes self- evident. — 

£ On ‘the other hand, it is a matter of common observation that different | 

storms travel in different w ays, so that during | the course of a few years, the 


rainfall record at the gauge will include practically all the iations 


sheat (1440 000 o 


intensity. that fall to the lot of the whole section which the gauge represents. | 
Therefore, the gauge record does fairly represent the trend of m: nagnitudes for 
the whole sili, and since expectancy has to do with the tre nd of magii- 


tudes, the sample i is fair for expectancy purposes. oy er ee 


it is obvious that run-off records f fairly represent the whole of the events, 
ither for | a given storm or for the trend of storm m magnitudes. J The limita-_ 


| 

| 
| 

| 

4 

4 
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tions of mathematics demand that the association of values in any given 
ope ration, confined to subjec ts and predicates s displaying v uniformity 
au kind tse his restric w hich is is the result of extensive: mathe- 

s that the only. fair basis for the relation 


run- off to rainfall, is in aspect ‘under which rainfall “samples 


be fair, or in | the expectancy view 
ad, 


In its essence, expectancy or probability is assay of as to 

— in magnitudes. The writer conceives: time to be the opportunity for 

the occurrence of events. An event m may be sai to be a manifestation of 


activity, a a behavior in the mate erial, ora , phase of transition, which occurs, 
~ happens, befalls, takes place, or comes to | pass in a series, a parade, or pro- 


4 The monthly id run- for the Des Moines Iowa 
basins: above Keosa sauqua and Iowa City, given in Table 31,* under dee a 
_tancy: conception, “may be regarded as events of the same ki kind or type with | 


respect to the time lapse - in which the magnitudes have accumulated . Some 


of the phenomena, however, are. subject to widely different types of seasonal 
‘influence, and, therefore, n may be ‘said to be unfair in association. For: this 


yeason, all the magnitudes in T able 31 have been discarded, except those 
- covering the months of April, . May, and June i in each of ‘the years listed. a 


While these three ‘months are not exactly of uniform seasonal kind 


type, 
to expectancy. The as more than month for each ‘year of of the 


“peoord is not valid 2 as to expectancy over 
‘representation. is believed to result in peat of rainfall and ru run-off 


logically comparable. 


Even by this means of. expanding the series by inclusion m of 


is “entirely 100: scant for analysie by this method 80 it m must “also be im 


garded. Maximum 24- hour magnitudes for each of these months ‘might be 
| 

compared, but the Ww riter prefers to h by one who is. 
a stranger to ‘tie system of in “any suspicion 


With fair samples on hand, observations to be used for "expectancy -pur-— 


"poses may next be graded, as sizes are screened and sorted i in . sand and gravel 
analyses. The accidental occurrence of the sizes in a gravel deposit, as to 


‘rangement in | place, important in affects the picking of 
fair sample, but after such sample has been ‘secured, the original order of — 


“deposit has no ‘particular r significance. Similarly, the sequence of magnitudes 


in the time parade is of no consequence, _ after the expectancy samples have a 
been selected, , and the grading of the samples i is effected ‘simply by arrange-— 


ment of the. “observ ations in the order of their sizes. 


; _*F or the expectancy assay of events, no division into arbitrary 
in grave el analyses, is necessary because the analysis of the mee -con- 


tent of | time is “accomplished through the ratio of the count of observations, 


_— * Proceedings, Am. Soc. C. E., January, 1928, Papers and Discussions, p. am 
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found above and below any given stage, or by 1 the odds of the ‘number = 


items of data. exceeding and short of the position in question. 


Every line of attack on the probability problem, _ including even the classic 


‘Gaussian law ¢ of error, -, attempts to evaluate the content of time in its eternity ; : 


and a as this can never be exactly , known, ¢ each such effort to ‘solve. the m mystery 


must of necessity be merely an empirical approximation of magnitude trends. >. 
It is the writer’ 8 belief that the method herein presented, represents a defi- 
nitely practical step in 1 advance, affording a broader insight into the various 
aspects” of the subject than any hitherto proposed. _ The broad. field to which 
; _ the idea may be applied, if it proves sound, warrants searching g and ‘oe 


7 As the mathematical ‘mechanism o is an empirical development, the — ! 
- tical operation will be sh shown before attempting to state the logical reasoning -_ 


that ‘may be said to support the writer’s analytical expectancy charts (Figs, 


F ‘the frequency, or the average interval in of events 
between magnitudes exceeding any given stage. = 
P the probability, or proportion of the count of events exceeding 
= the numerical designation of an observation when the expec 
taney series is arranged and observations are the 
order of magnitude, beginning with the least. “offer 
the total number of observations in the expectancy series. 
bal a= any position on an arithmetical base scale covering a range from 
gero to unity, or covering time in its totality. 
ov and z = two arbitrary variables influencing the form and position of the 
 seale of F (Fig. 48) in reference to the basic and fixed scale — 
of d, and by means of which data trends may be reduced to — 
‘= approximate straight line for one-half or more « of the range © 
Tibetan * e = the tangent of slope for any straight line on a chart (Fig. 48) _ 
the d scale as a horizontal base and magnitudes as ver- 


tical arithmetical ordinates; or the difference in magnitude on 


= 

the straight line between the two limits of the d scale. 

= the ratio of the magnitude on the straight line at the upper ‘ 

limit to e; or that position on the d scale where the straight falli 

Tine intersects zero magnitude or would intersect zero mag mi- tiplic 


tude if the d scale were extended. 
ag = the magnitude for any point on the straight line. 
= the proportion catchment area unaffected by drainage im: 

y sable = the run-off proportion for the area, A, after deducting constant . 


proportion of catchment area affected by drainage. 
D = the run-off proportion for the area, C, after constant loss deduc-— 

Gites = the run-off proportion for entire area after drainage, the ‘constant 


a loss factor being first deducted. 


in an expectancy series of data, asa a guide to the plotting of 
on the writer’ expectancy chart, it can ‘be demon- 
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are consistent, on the average, © 


74.9 


Expressing the numer ator of by a, and 
wet 


or, since Pi is the inverse of F _ 


Equation (4), is - essential to to the distr ‘ibution of data i in this analysis, but 


it is introduced in order that : a 1 clear conception “may be had of the relation 


to the ordinary, current. conceptions of probabilities. 


As a gener oral equation by means of which the law of chance curvature for 
occurrences of a given kind or type the following empiric ral expression is” 
d= 


The. Equation (5) is sach that F = = 1, and when = = 
o,d = = ae The limits of the d scale, therefore , always ponent infinite time 
or eternity. Writing Equation (5) in a form expressing: the trend of raingall 

‘and its consequences as to © magnitudes expected, 


10 F F . 


Equation (6) also approximates ‘the curve form for four chance elements 

falling i in accidental combination and influencing event ‘magnitudes by mul- 


The» magnitude for any P aa kes the straight line shown in Fig. 48. is 


The writer’s expectancy ch: for rainfall d run-o of igs. 48 to 52) 
are designed under and portray - the law of chance expressed by Equation (6). 


= means of a series of observations of phenomena which are 


The of the magnitudes may then be. 
a straight line, and an equation of the expectancy representing the — 


4 
line reconcilement of the data, may be derived under the principles of Equa- 


= 


= 
q 

= 
--(2) 

> 
z= 
a 
a 
— 
{ 
nt 
he 
4 


— ‘the: Des River above Towa. ‘River above 
Iowa City | during the months of. April, May, and June, for which both rainfall 


run- 1-off mé are are arranged in the of 


"frequency, been as shown by values i in Table 39, 


izing the principles « of Equation (3). 


‘TABLE : 39, REQUENCY Data. 


Des Mors RIVER, Keosavgva, Iowa. I wa RIVER, 


y.| F. 


| ininches. 


in inches. 


fall 


Rainfall, 
in inches, 


Rain 


1.07 | April, 1906 
1.235) June, 1903 
April, 1905 x 8 | 1.458) April, 1905) 
June. 1905) 1. ; 1. 778) May, 1906 
| May, 1905 .04 | 5 | 2.28 April, 1904 
| April, 1906 = 3.18 | May, 1904 
| April, 1904] 5. % June, 1905 May, 1905] 

June, 1908 69 | May, 1905 7. 12 June, 1903} 


oot 
— 


May, 1904 : 
May, 1906 

April, 1905 

April, 1904 

June, 1905) 
April, 1906) 


April, 1906 
May, 1906 
May, 1904 
April, 1905 
June, 1903 
April, 1904 
June, 1905 


(AREA, 82.7% DRAINED). (Aza, 46.5% DRAINED). 


| 


Run-off, 
Rainfa 


? 
\a inches, 


April, 1923) 1. 1918! 0.23 
May, 1923| 2.48 May, 1928] 0 02% Th 
April, 1918} 2. May, 19 
May, 1919| 3.07 | April, 1921| 0:63 these 
April, 1922) 3. May, 1921) 0. data 
April, 1921) 4. pril, 

May. 1922] 4. May,’ 1918| 1. the 
May, 1921] 4.31 | April, 1920} 1.50 ff sectio. 
April, 1920) 4. May, 1920) 4 

April, 1919) 5. April, 1919) reconc 
June, 1919] 6. June, 1919) 
June. 1918} 7. May, 1919] 

May, 1916) 8.82 | June, be 


April, 1918 April, 1918 
April, 1923) 1. May, 1918 
May, 1919) 2. May, 1923 
May, 1920 c April, 1923 
April, 1921; 2.84 | April, 1921 
May. 1923) May, 1922 
April, 1922) May. 1921 
May, 1922 April, 1922 
April, 1920) | April, 1920 
May, 1921) May, 1920 
June, 1918} | June, 1918 
April, 1919) May, 1919 
May, 1918] April, 1019 
June, 1919 | Sune, 1919 


ine 


g 


28 


| 


the 

al Based on the magnitudes and frequency values of Table 39, graphic dis- 

taibution and representation of the data have been accomplished as shown in 

~ 48 to 51, inclusive. mit: - of ma 
Referring to Fig. 48 , after plotting the data in accordance with the com: 
ts - putations of frequency, these magnitudes have been ‘approximated by a straight 
IP line for both the aie and run- -off aaa From the scales of this diagram, 


B). 


| (1) 
| the v: 
— 
— 
| | 
led | 
| 1.285 
«1.778 
6 | 3.18 
4 
4 
10 1) 065 
1, 90 
& 
= a 
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on values of the: factors in Equation (1) have been derived 2 as 1s shown n in Column 

is, (1) of Table 40. . This x process has been repeated for Figs. 49, 50, and 51, , and 

~ the values derived as shown in the other columns of Table 40. 

a 


Bice of Frequency (F) 


2 
0.58 
0.64 
0.70 
0.82 
1,08 
1.69 
= 


| 


— 


Fig. 48.— —DeEs MOINES Rives, KEOSAUQUA, 

028 - approximation of the observed magnitude by a a straight line i in each of 
rs these cases is somewhat a matter of judgment, but from the very y nature of the 
data arrangement, » eIT atic magnitudes must to fall the main— in 
the upper or lower | portions of the series. The The magnitudes i in the middle 
| 1.50 section are thus seen to be entitled to the greatest weight in such graphic 
| 1.70 teconcilement. In all eight. of the se series thus ‘reconciled, n no — 

1.8 ff whatever have been made subsequent to the final computation 1 of results. 

In Table 40 (Column. (1)), beside the item ‘ “Constant Deduction”, A appears 
4 | the value, 1.34. In Fig. 48, a broken straight Tine (Curve A) is drawn par- 
Ge ‘allel t to ata magnitude of 1 34 below the straight line for rainfall (Curvy 
wal B). ‘T he value 1.34 is such that Curve A will intersect the str: aight. line for 
off when both are extended, at the zero” position: on the 
of magnitudes. From this, it will be seen that after the deduction 1 
traight | in, from rainfall, on the expectancy average, the remainder is related to. 


| 
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drainage, | drainage. drainage, 


Fig. 48. ‘Fig. 49, Fig. 50. | Fig. 51. 


Rainfall, Straight Line: 
for lower limit 


Value of 
Straight Line: 
for upper limit.. 
for lower limit.. 
Value of e 


Run- off proportion or ratio of e values. 
run-off to rainfall....... 0.400 


Hi 
if 


(c—d) e in Inches 


de 


agni 


metical 


al 


cale o 


@ 


é 06 0. 
a Scale of “da” 


1e 
onl; 
—_ 


ce Curve A is par B (Fig. 48), both curves, 
or the same value i in Equation Since the broken straight 
a. A, intersects zero. magnitude at the same position on the d scale as 
os, straight line for run-off, C, both these curves have the same c c value. The 
only difference between Equation (7) as applied d to | Curve A and to Curve c. 
is in the re respective values of e for rainfall and run- off. The pr propor tion of the a 
remainder of rainfall (after deducting 1.34 in.) appearing: ‘as run- -off, on the 


sean average for Fig. 48 is then = 40 per cent. T hese ‘aii are 


Ye 


| 


d)e 
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=Q 


itude= 


agn 


f M 


iil 


<culve 


IL TINE 


‘Fic. 50.—IOWA RIVER, crry, 


-Arithmetical Scale o 


similar p process s determines the values the other in ‘Table 
40, and from these the following relations may be stated : Pe vf a iter eg 7 


Moines River, Towa, Area = 900 sq. miles: 


Before drainage, the run- -off == 40. 0% of rainfall — 1.34 in. 
After drainage, the run- = 32. 6% of - 1.31 in. 


Towa River, Towa City, Towa, Area = 3 140 
: 


Before drainage, ‘the run- -off = = 65.7% of (rainfall — — 62 in.) 
After xx drainage, ‘the r run-off = 47. of — 1.68 in. 
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= 
ele Assuming that the r run- n-off proportion on for the hele area. before dri ainage 
_ truly represents the run-off proportion for the undrained area after drainage, 


then the run- off proportion for the area affected by drainage, on the Des — 


_E—A 0.326 — 0.673 X 0.400 


= 0.271 


(c-d) ein Inches 


i 


= 


iil 


IG. 51 River, Iowa ciry, 

the proportion of run- off from tl the drained 
on ‘the: Des Moines River is reduced from 0.400 to 0.174, or 43.5% of 
original proportion. Likewise, the corresponding proportion for the Iowa 
_ River is. reduced from 0.657 to 0.271, or 41.2% of the original proportion, 

drainage, for agricultural pu rposes, is generally inst: only in 
sections having flatter topos graphy and slow er rates of flow concentration, the 
assumption stated | as a premise to these final computations is not exactly 
sound. However, “the error thus introduced must be small as ‘compared 


oe marked effect of drainage which the computations tend to prove. — 
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oi In “the very nature of the regions subjected to “dra ainage improvements, 
also_ lies an. explanation | of the fact that these works show ‘no appreciable 
effect. on the rate of flow depletion after the conclusion of a storm. This rate 


would se be essentially a of ‘the more flashy portions of the 


ower areas, can te expected to show plain #3 ‘effect on n this” 


Scale of Fre uenc (F) 


Scale of Magnitude ¢ 


> 


zs 


Depth of R 


a 


In 


Arithmetical 


axactly In Fig. 5 52, seven | of the longer ‘rainfall records of the United States are 


d with portrayed on the same chart design ‘used in this analysis. — The distribution : 
ith 


= data for each diagram has been effected under the principles of Equation 


(3), the straight approximating the data, ‘in each case, has been 


Papers 
| 
| 
of the 
: orks 
wo | | tt 
= 


ae 


(1854 
_— by a letter within a circle, | for. identification. These letters refer to 


the records published by the U. S. eather Bureau, listed as follows: 

ftp ii = Annual Rainfalls for : = al (Mean). wer 


_Inp passing, it should be said that a zero or ern while it is constant 


for each given record, varies for the different records order to 
space, and the numerals on each line of Fig. 52 adjoining the diagram of 


- record show the values on the magnitude seale which refer to that record. 
52 seems to offer reasonable assurance that the writer’s expectancy 


chart and Equation. (6) on which it is based, express the chance trend or 


7 | expectancy curvature, as a | general law, in straight line interpretation, for i: 


iar elements falling in accidental and 


event magnitudes by multiplication of. the cause values. However, this proof 


ox 3 properly belongs in a general discussion of probabilities and may be presented | 
at some later date, when that subject i is up for | discussion. | The proof alre: oe 


4 offered i is, no doubt, ‘sufficient for the purposes of this analysis. 
_ The writer’s theory of expectancy or probability, conceiving, as it does, 
that the causes may be in multiplication as well as in summation, , departs 

_ radically from the previous conceptions of 1 probabilities, which, in so far as 
the writer has been able wienagnsd are predicated on- the assumption that the 
auses are all in summation. The resulting laws of curvature 

widely ‘different for the two fundamental | premises. 
As a bare outline of the difference between chance elements in additive 

and multiple combination, ‘Suppose each chance element is conceived as carry- 


ind a of magnitudes: on a straight- line range extending from 2 zero to 2. 


will be unity. With four such elements in 1 accidental sum-- 

‘mation of values, the minimum w vill still be zero, the median, or ‘middle, will” 
be 1 + = 4, and the maximum will be 2 +2 + 2 = 8. 
additive combination 1, then, the range from the - minimum to the middle alw ays 

“equals the range the middle to the maximum. On the other hand, with 
four such elements combining as multipliers, the minimum will still be 2er0, 
the median, or be 1 x1 1 1, and 1 the maximum will 
be 2 x 2X2xXK2= 16. _ With four chance elements in multiple > combina- - 
tion, it is then mbes. that the range from median to maximum is ‘fifteen 
times the range from minimum | to median, This 1 may serve 

radical difference i in the. curvature under the two conceptions. 
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is common that i in the mathematical | val interpretation of natural 


phenomena, the known cause Slements, rates velocities 


— into the deter ‘mination, 


n, and it is fact ‘that to support 


Thew writer hopes that, this outlook on the problem under consideration 


of items: in summatio 


to call attention to some of the in. 


expectancy method or may be adjusted to a great 
“number of problems i in variety of magnitudes are encountered. By 
this means, for instance, the economic design of engineering works dealing 
rainfall and its consequences, , the best bargain in capacity for -com- 
batting or utilizing the ‘run- -off may be : selected with a degree of certainty 
that other methods cannot hope to approach. 7 Beyond this, the field of use-— 


_ fulness is perhaps still speculative, but astonishing develo opments in extending — 
the scope knowledge may reasonably be anticipated. sted 


M. M. Soa. dy deter) + This dise 


on the ] River. It invites of the 
- movement of storms from west to. east over the Ohio Valley which makes it 
appear probable, if not apparent, that in the case of the Ohio, better service 7 
owill result by locating» some. if not all the detention reservoirs on the tribu- 
_taries entering the Ohio above Cincinnati, Ohio, rather than below Louisville, 
Ky. It also undertakes to show that the crest wave, or water above the flood | 
a ‘ line, i is the only ‘part « of the great volume flowing | down the Ohio which itis 
~ advisable or necessary to catch in detention reservoirs in order to abate the 
great flood damage on 1 the Ohio; ; that it may be caught, and, if caught on 
the Upper Ohio tributaries” and held for about two weeks, it will probably 
~ reduce the height of floods on the ‘Mississippi by several feet, thereby greatly 
nang the factor of safety for the flood protection | project proposed by 
Maj. Gen. Edgar Jadwin, Chief of Engineers, U. S. A., M. Am. Soe. Cc E. i 
From the Symposium ‘on Flood Control, + it appears that some » addi- 
tional available data ‘on the. subject showing the formation and movement of 
the flood crests may be in a further study of reservoir sites in the 
Presumably engineers are aware that _hearly all the damage. by floods 
along: the Ohio and the Mississippi is. “done by that part designated as 
 erest- wave, which is formed mainly from tributary water. and flows above 
“the flood line or the flood stage plane established by the U. S. Weather a 
and ‘shown on its daily reports for the gauges: at the prineipal cities and 
towns: along the rivers from Pittsburgh, Pa., to New Orleans, La. To 
eliminate the damage caused by a flood it i is only necessary to reduce or eli 2 


, Papers and Discu ssions, p. 2451. ary 
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the crest wave or, in other words, temporarily to detain 
int reservoirs that volume of water which would the flood stage, 


“oe In general, the floods in the Ohio Vv alley are produced by storms which — 
approach the Ohio water-shed from “the southwest, vel across: it from its 


ae 
distance of 600 to “800 miles. "this condition is so uniform it 
zz seems safe to assume that, of the great floods, 90% or more occurred from 


storms which passed from the southwesterly edge of the drainage area to the 


easterly or northeasterly boundary, occasionally being augmented by. a storm 


4 from the west or northwest joining the one from the southwest in the- area 
north of the Ohio. Such a condition caused the great flood of 1913. ‘This 


"movement of storms from west to east usually consumes a ‘period | of 2 to 4 Z 
= from the Mississippi | River to the easterly boundary of the Ohio water- | 


The assembly of a part of the available data on the ac actual formation : 
ee of the greatest floods in the Ohio Valley since 1884 appears 
explain the formation and movement of flood crests. It may be useful 
_ forming: a final conclusion as. to o the location of reservoirs in the Ohio Valley. 
of for reducing flood crests in the Mississippi, which : reservoirs will greatly relieve 

the Ohio of its "present greatest unconquered menace affliction witl 

es The writer appreciates the great accomplishment of aokontae of the 
+ Symposium ; also the great amount of work involved in the formulation of a_ 
~ complete report and estimate 2 of cost of the flood control of the Mississippi 

@ ws River in its alluvial valley i in so short a time for its” presentation to Congress 
2 by General Jadwin. in. Therefore, it would be most surprising if some details 
oS of the many elements which affect the problem may not at first | have been 
given. too little value. Moreover, as as has been well said, it ‘sound 
@ engineering to consider first the repairs to the levee system, to provide spill- 
ie or other adequate ways for the release and quick discharge of all the” 


‘water which may ‘converge from every source in. ‘the Lower Mississippi, and 


thereafter to treat, as an additional factor of safety, the location and building 
on reservoirs or other aids for the reduction of the fl floods at Cairo, Ti, and ‘ 
thereby throughout: ‘the alluvial valley. In this connection ‘it is well 
_ remember that the flood record | of 75 years is very brief for estimating ad 


may 0 occur in the coming 500, to 1 it appears that 


foods, ‘The additional. da be in 


the best. the most economical solution of the 
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water surface on “March 29, 1913, the day of flood stage at 


the e effect on flood. a the water for five days or more > which 
passed above the flood line from March. QT to April 2 at Catlettsburg, Ky. 

inspection of Table 41 and 53 in connection with Colonel 


Kuta Tables 13* and 14,4 with a map (Fig. 54) makes it obvious that all 


“or nearly all the great floods in ‘the ‘Mississippi River and the Lower Ohio 
Pe: River have their beginning i in the Upper Ohio water- -shed. By a comparison: 


a the data it is observed that most of them are not only ey in the Upper 
Ohio River above the of the at Portsmouth, Ohio, but from 


1916, and 1920, the movements of which were somewhat checked. 


In the flood « of 1897 the time of crest at | Evansville, Ind. —T days from 
in Pittsburgh—was prolonged to 28 days ix in reaching its peak at Cairo, because ; 
Tithe v large’ flood from the Ter ‘Tennessee \ was unusually slow in arrival at the 
Sa Ohio. In 1920, the slow movement of 17 days | to Cairo appears to be due toa 

ley : slow and large discharge of several tributaries. In 1916, the 21 days s difference 

ave | in time | of crests at Pittsburgh and ‘Cairo was because the large discharge 

from t the Mississippi (about 41% as large as. from the Ohio) was slow 

arrival at Cairo. Of the floods tabulated, those of 1916 and 1927 appear be. 

the [| the only ones in which the Mississippi affected the time of the arrival | of the : 
“1 Fem crest at Cairo, or caused any delay in its movement down stream. The 
delay ‘was nearly 2 weeks in 1916 and about 2 days i in 1927. ‘The quick 
of the Ohio crest. at Cairo in 1907 and 1904 was due to the formation of 

ails - crests at Pittsburgh. on or about the same dates as at Portsmouth, 338 miles —_ 
een farther down stream, which, , in turn, was due to unusually large discharges 

und by the tributaries from the Big Sandy to the Kanawhas. 
pill- | we From Table 41, for the thirteen floods the average difference in time of the __ 
the flood “crests at Pittsburgh Cairo (978 miles) is 13.9 days; omitting 

and | the three slow movements in 1920, 1916, and 1897, the average time of 7 f passage z 
ding of crests from Pittsburgh to Cairo is 11.4 days, a minimum of 8 days and a : 
“maximum ¢ of 16 days. gives an average velocity of 86 miles 
to for the crest movement. From Cincinnati to Cairo, 510 miles, the average 
what difference of time for the thirteen floods is 10 “days, or 51 miles per day. 

‘the From. Parkersburg, as far down the Mississippi River as Helena, the move-— 
‘the is s fairly ‘uniform, the > average: time for the (1285 miles being 23 days, or 
tion, 47 ‘8 miles ‘day, the fastest movement being 16 days. for the 1907 » * 
h the § 1927 floods, and the slowest, 38 days in 1897. From Helena to New Ovleana, __ 
ul miles, the average difference time ‘of passage of the flood crests 
em. - siven a as 21 days is obtained without including the 1927 flood, when an early 


crest was produced by crevasses and an artificial by- pass \ which jay 
Stopped the rise at New Orleans 2 days before the head rise aren Helena. - 


* Proceedings, Am. Soc. C. E., 1927, Papers and Discussions, p. 2501. 
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Ww writer believ in. rivers s like ‘the ‘Ohio, banks 
mile wide at P arkersburg to 1 mile wide n near r Cairo, and the Mississippi, 
“from 3 to 13 miles wide between Cairo and the mouth, the great. mass of 
"water, flowing 20 ft. or more above the. bed of the river and 800 ft. or more 


from the shores, is. so little affected by the ‘friction of bed and banks that 
the velocity i is nearly uniform throughout ‘any section, except v where it is more 
oF less disturbed by the inflow from large tributaries and by going aad ‘the | 
“ft. fall at Louisville 
may observed from Fig. between the Scioto, at Portsmouth 
which the governing crest peak is usually formed) and Cairo, 610 
miles, there e ar on ily s seven tributaries large enough to ) cause much disturbance _ 7 
ve; or, including the Falls, only one” dislocation of relative 
f the particles of water in the crest wave for each 75 miles of river. og 
It is believes red, therefore, that in any great flood crest passing, Portsmouth, 
if the particles of. water any section of the crest, 100, 200, or 300 miles 
— long, could be located and their relative position determined, when passing 
Cairo, it would be found that» the corresponding section nearly all the 
water in crest near Por tsmouth would be found near Cairo, of course, 
me ented by the intermingling of the increments | of inflow from tributaries. : 
7 Ina discussion of this subject* ‘the late James A. Seddon, M. Am. Soc. 
GE designated such ‘condition as “perfect flow”. The crest v wave of 
so- -called perfect flow is probably about. 1 000 wide in 
of river from Catlettsburg, cat the mouth of of the Sandy, to 


e mouth of the 
ennessee. Due to this increase width and also” an ‘increase of several 


miles in width “of back- -water into side streams and overflowed bottom- land 

from Paducah to Cairo and down the Mississippi, the effect of catching a any é 


in the crest wa 
position 


- definite part of the crest- wave water in the: as section of the 1 river cannot 


__ Although topographical maps of the area up to the high-water plane are not at 
available, it is known that the flood- plane | broadens out to” a width of several | 
miles ov er which this. crest wave must spread at stages above 45 to 50 ft.; ; and — 
at its entrance to the Mississippi, it must flow in between levees about 1}. 
miles apart. With such approximate data, the water surface area for that 
100 miles of r river, or the acre-feet of water per foot of depth, is estimated to 
136 000. . It appears, therefore, should the daily ‘dis- 
charge of the crest wav ave above Cincinnati be reduced by 300 000 to} 
400 000 acre-ft. (or 150 000 to 200 000 eu. ft. pe per ‘sec. a: for ar period of from 3 
to 10 days, while the peak of the crest is passing Cairo and entering the Missis- 
‘sippi, the: crest height would “certainly be r educed by 23 to 4 or 5 ft. , the 
exact amount depending upon local conditions, such as the stage of the crest 


the Rive er above the Ohio, the impound- 


appear to be the best until more 
— Report, 1892, U. S. Chf. of 
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exact informaitiot is obtained as to areas flooded at stages. 
: may more readily visualize the effect simply by inspecting Fig. 53 and imagin- — 
ing all the water withheld from Beaver, Pa., to Louisville — _ by the 


flood- -stage line and the various crest lines. sail 


_A study of the greatest floods which passed Cincinnati, 468 on below 


b ‘Pittsburgh, from 1870 to 1921 (Fig. +55 ay shows that there were thirty- eight 


up to or above » the flood line (52 ft.) and that their duration above that pan 
was: from 1 to 18 that six of them from 1 to 10 days 


the on. the and the of floods is probably as. greet or 


greater than at any other locality above: Paducah at the mouth, of the 
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RIVERS, SHOWN BY HYDROGRAPHS AT CINCINNATT, 


‘Thus, “the crest. waves, which do practically all the damage along the 
“Ohio, are generally of short duration. . As compared | with the great volume eS 
of water which goes down the river, it is evident that only, a small fraction of os 


needs to be caught in order to eliminate the damage; and 
&keeption in 58 years” it has ‘passed 3 in th 
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_ HALL ON MISSISSIPPI FLOOD conrnot, ‘[Papers. 


inclusive. — By a similar study, the passage of the ‘largest floods by Cairo i 
found. to range . with one or two exceptions from 12 to 31 days. _ Therefor e, it 
probable that the water which passes Cairo before the stage has reached 


7 > flood line, that is, prior to 5 to 10 days before the passage of the e peak 


of the crest, ordinarily does no damage. It certainly does no damage unless 


— happens" to meet a discharge from one or more of. the largest tributaries _ 
a down stream sufficient to produce a flood stage in the lower river ; or, unless” 


bottled up by insufficient outlets, a a condition ¥ which will be relieved by = 


Due to this. and movement of flood crests from the upper river 


and the’ condition of ordinarily having rain storms in the Lower Ohio Valley 


_ several days prior to those in the upper valley, reservoirs built in the lower | 
valley will probably be found more difficult to fill at just the right time to 


jetop that water (and only that water) which will naturally | go into the crest . 
eave, sufficient quantity: to be e of great effect. Shou uld _the e rainfall be 


for ‘catching the water which otherwise “naturally flows into the crest wave, 

Wl 
res reservoir thereby becomes useless for s service to that flood. In the upper | 
valley above Portsmouth it is believed there can be no question that the 


time to commence the catch is at the of the ‘storm in that part, or 


following day the half ‘dozen U. 8. Weather Bureau Offices are forecasting 


‘ the magnitude of the resulting flood ; whereas, when the storms reach | the 


lower valley, ordinarily it is question whether ‘or not it may produce 
— flood and, | consequently, the catch of f water by reservoirs cannot | be | 
: 
managed with like the same degree of intelligence and efficiency: 


per acre-foot of _yeservoir volume. Moreover, after the lapse of time 


that information a6 be obtained, there may not be time to fill reservoirs © 


from the decreased flow in most of the tributaries. of the low er river. . 


i For example, « conside r the 1920 flood, commencing ‘about March 98 ar 


Green hove: that during» that period ‘these streams \ were 
low stage, the Wabash at Terre Haute, Ind., being about 20 ft. below flood 


stage and the Green at Dam No. 4 2 about 18 ft. below flood stage. Therefore, 


those streams at the critical period for catching “water for or reducing the 


crest wave in the Ohio and Mississippi, the greatest catch po possible — would 
have been comparatively “insignificant. “This would not always | be so, but 
it appears that would frequently be so. The data o on those streams for: 


the earlier floods are not available. 7 is not claimed that a reservoir on n the 


ee 
or for some or | be inadvisable to ‘build, but it is believed 


condition named in more difficulty in efficient operation, or 
efficiency than for those the upper river. - ‘Regularity of the 


movement: of the crests” from Pittsburgh or above. Portsmouth to. Cairo 
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HALL ¢ ON “MISSISSIPPI FLOOD CONTROL 


largely reduces the objection to the greater distance from | Cairo detention 


should it to ‘operate | reservoirs on ‘the lower 
er solely for the benefit of the Mississippi, that is, let the ‘erest wave 
in the tributary, run out without, restraint regardless of its local damage, 


and thereafter catch the water which would naturally go into the Ohio and ; 


Mississippi River crest wave, a serious conflict of interest t might result. 7 


= 


It is for this r reason that it hee been concluded that 1 the Miami River Con- 

servaney cannot be operated for the 1 protection of the Miami Valley and 
the same time for the protection of the Mississippi River. 
fe Data for accurately estimating the quantity of water in the crest wave are 
not available, , therefore, only an approximate | estimate is possible. it 

_ The greatest flood o of f record at Pittsburgh was in 1907 and the ignite 
nae Mississippi, in 1927, and the» 1913 flood : is the greatest of record 
from above Wheeling to near Cincinnati. At 6:00 Pp. M., on March 29, the 


1913 was at its crest of 58.3 ‘ft, 22. 3 ft. above flood 


was below the stage at Coraopolis, Pa, 9 miles below Pitts- 

burgh; 7 ft. above flood stage at “Wheeling; 20 ‘ft. above at Point Pleasant; 

16 seve at Portsmouth; 14 ft. above Cincinnati; 1 ft. above at = 


Louisville; 8 ft. above ‘at Evansville; and ¢ at just flood stage at Paducah, 


possibly the greatest ‘quantity of water ever in that part of ‘the river, 925 
miles. In the part between Coraopolis: and Louisville, 593 miles, a distance 

of flow of about 5 days, it is believed, if the water int the crest, wave (above 

the flood line) could have been caught « on the tributaries above Portsmouth | 

2 held for 15° or 20 days, the time required to flow to Helena, and then 
gradually released, the damage from that flood would have been eliminated 
in the Ohio and materially reduced in the Mississippi, probably by 

4 ft. in stage at Cairo. the average depth of, the crest wave above the 

: flood stage on that day, was about 123 ft. , for ‘the 593 miles, the volume of 
water in the crest wave or above flood. he @ was about 2 000 000 acre- ft. a On 
that date the discharge of the Ohio under the Baltimore and Ohio Railroad © 
Bridge, at Parkersburg, was | probably, about 700 000 sec-ft., of which probably 

about 300 000 sec- ft. was in the crest wave above the flood line. This 
estimate is based on an inspection of the r river, by traversing it ina boat, 
and from memory of discharge observations | and “velocities at various low-— 
water and high- water stages up to 45 ft. at Dam 18, 5 ‘miles up st stream. ri cds ‘ 


7 


harmonizes. with the writer estimated rate those 
rates for the days the river was above the flood stage at Parkersburg 
7 and Marietta, it: ip, found that about 1490000 acre-ft. passed that locality 
owing above the flood-plane and 5.960.000 acre-ft. flowing below the flood-— 


plane; or, if 1500000 acre-ft. of that water had been caught at the proper 
time from the Little Kanawha, Muskingum, Beaver, or iene ae 


Bulletin Z, U. S. Weather Bureau, 1913, 
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in part of the Ohio; | a corresponding 


would occurred in the rest height to the the Ohio 


(Mile above the was al little more than the corre-- 
sponding ‘discharge at. Parkersburg, that is, somewhat in excess of 3.000 000 
-acre- -ft. It was 11 days" in passing, and its peak was 17.9 ft. above the Sind 


line. Had that 3 000 000 acre-ft. been caught and heid for 15 to 20 days, it 
would at least have eliminated most of the damage above. Paducah and 


Ark, , or farther down, if it not become impounded by. 


Should great flood in the Mississippi be mainly produced from other 


a" tributaries as occurred in the exceptional case of the 1927 flood, a detention 
reservoir system in the Upper Ohio Valley could. be made effective i in reducing 
stages in the Mississippi by closing the detention dams when that condition | ; 


___- was observed from the rainfall or from gauge readings of its other tributaries. 


= would be entirely practicable to fill the reservoirs, provided the flow - in the 
4 Ohio was not reduced to a stage below a 10-ft. yates stage, a very improb- z 
able” condition. For example, when the flood of 1927 was forming, it 
known 10 days before the crest peak "passed Cairo that a great flood was 
approaching, and | 5 before, it was remarked in the Louisville 
Office that the previous record at Cairo would probably be broken. 
a the ‘Upper. Ohio Valley, along the banks of the Ohio River is much 
- more thickly populated than either the part below Louisville, or the Missis- 
sippi Valley, and as above Parkersburg the greater part of its banks: are 
densely occupied by industrial plants, the money loss by floods is 
7 greater per mile of river than from Louisville to New Orleans. _ The money 


the loss in the Ohio Valley by same 
aM It should be realized that on the way down these two great rivers, 1942 
ee from Pittsburgh to New Orleans, it is the same crest water that passes. 
a _ Pittsburgh, “Marietta, Parkersburg, Cincinnati, Louisville, and Cairo, doing 


~ such vast damage i in its passage; and it is a large factor, usually the | prin- 


peas 


- factor, in the formation of the crest wave at Cairo (its contribution | = 
the thirteen | floods tabulated being from 51 to 87% of the water passing Cairo 
at crest stayes) which proceeds on down the Mississippi | to New Orleans, 


y more millions of damage and untold human- suffering. < Now 


‘States in great menace property, ‘life, and happincee, 
ing it as a part of the larger Mississippi River project. 


ficult; “certainly so difficult: Proposed Ohio System ‘appeared 


= 


a 
— ré 
6 
| 
| of 
Tova 
| 
| at 
2 ) mi 
| 
we 
4 St 
| Se 
| 
U = “il 
in 
— | Ca 
mi 
— the 
pre 
5 


H ALL ON MISSISSIPPI FLOOD CONTROL | 
twenty-five years ago. one can read the: Weather Bureau _meteorologic 


report of the rainfall \ yhich produced the 1918 flood without concluding that 
a greater flood | is possibility if not probability. ‘That condition, com: 
bined with the fact that population and property. values continually 


rapidly _increasing, makes it appear that construction _ detention 


on the x money for 
ti _ An estimate of cost of catching 2 000 000, or 3.000 000 acre- cca 
thom any one of the major floods noted is” an engineering problem of no 


- greater difficulty. than | many others which have been successfully solv ed by 
many engineers employed by the Government and by many other members 
: the Soci ciety. such for is more difficult, 


or reduce the part of ev ery wave, 
reduce its height at Cairo, by several feet; provided the reservoirs are 
cated so as to be filled from the water which would otherwise go into 


It is a customary practice to forecast for the dams under construction 


on the Ohio, the probable rise from an up-river crest 100 to 500 0 » 600° 
miles distant. I In the such forecast ‘is frequently involved the 
“flooding of coffer- dams, the suspension of construction, and the lay- off from 
work of hundreds of workmen. From ‘the charts used for such forecast: 
— from the record of actual floods the following data are abstracted : 
Storms producing a flood crest at Catlettsburg, 319, of 31.4 ‘ft., on 


September: 9, 1926, produced rises, as follows: gully 


At 46, Mile about days later, 8 ft. to a stage of 21 ft. 


Dam 52, Mile 939, about later, 7 ft. to a stage of 22.5 ft. 
a. At Dam 53, “Mile 963, about 1} days later, 7 ft. to a stage of 29 


Data from this and similar floods were plotted for use as guides in fore- 
| casting 1g because the conditions of discharge from tributari ies duri ing : the periods — $ 


of their flow appeared to. be near the “normal. Tt is realiz zed that the rises 
indicated are not entirely due ‘to the rise at Catlettsburg, but evidently they — 
largely due 1e to it. Hence , if all the water which produced the. rises 
Catlettsburg had been caught and held for; a period. of 5 to 8 days and then — 
‘gradually. released, no_ rise therefrom could have occurred at. Dam 53, 16 


above Cairo, where gauge readings fluctuate nearly alike by changes: 


] 


ischarge fro above Cairo on either. river. 


There are no for determining with exactness the reduetion in 
at Cairo: from such above Catlettebu: 


to make forecasts for several days” “distances 
several hundred miles and to: name within a few: hours: the arriv the 
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of the its” reading within a few tenths a 


“upper on the tributaries of Ohio i is that. they: may also_ 
be made to serve as storage dams for filling the pools. of movable dams imme- _ 


aatidy after raising them. ea is well known 1 to navigators on the Ohio, for 
after raising the movable dams there usually a deficiency 
of de pth of water in the upper — ‘part of pools for navigation. The defect 
has not. yet been corrected. "When all the locks. ‘and dams are finished 


1929, traffie may demand a “remedy. It may then be found that to store” 
Water on some of the tributaries is the — remedy for this navigation | 


defect. ‘As such shortage of water only occurs after the flood season, flood 


country the question of engineering may be f found | to be. largely that of 


comparative. costs between the best locations. For ‘example, take the pos 

sibility of a choice being made of | the Little Kanawha River Valley, the 
at Parkersburg (Mile (185). Between points about 32 
and about 102 miles above Parkersburg, ‘there are no r railways, no paved 

- highways, a sparse . population, no factories of. great . value, only - one bridge, 

= with a difference in elevation of water level for the 70 mile s of about — 

~ 100 ft. _ With one or two dams | in that valley it is probable that "20 or 25% 
of the iedwels storage may be provided, oras storage sufficient for cate shing the 
entire discharge for a period of 6 to 10 days. As the writer has traversed 


the valley he fe feels safe in stating it is almost | beyond question that it will be 


possible to found such dams on yn rock ledge at or near the river- -bed level. 


conclusion, the reason for building storage reservoirs" in the ‘upper 
_valley of ‘the Ohio in preference t to. the lower valley, thus increasing the 
factor of safety i in the Mississippi | hier flood-control project, may be briefly. 


* { 


The of the water in the Upper Ohio tributaries ¢ can 


be: made with more precision as to efficiency i in reducing the crest of Missis- 
sippi River floods than one in the lower tributaries. 


a (db) Tt will add 600 miles or more of river flood a in the most 


thickly populated part of the entire Ohio water- ‘shed. 
= The storage dams for flood may be without detriment 


impr oving navigation in the pools of of the movable dams quickly 


(e) As there is population. damage in the: river 
there is correspondingly greater wealth of property to be damaged, and, 
_ therefore, local co- may be more readily obtained and organi 
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ON MISSISSIPPI FLOOD CONTROL 
‘peabably: wale needs the co- >-operation of the e Government organizing force with 
the Ohio River States to induce them to join in planning for the: work | “ 


ke ie Reservoirs in the upper valley will be of as much, or nearly as much, 
protection to the Lower Ohio River communities along the r river as if they” 
were on the tributaries 1 in a the | lower ‘valley; and their operation should be made 


r 
ao) Finally, the reduction of 2, 38, or 4 ft. in flood crests at Cairo and 


= 


thence on down the Mississippi to New Orleans, by ‘detention reservoirs in the 
‘Upper Ohio Valley, may be found to be the most positive, the most economical, 


4 and the most reliable way of producing such result for t the 1 1900 mil miles of river 
within those limits of great floods. For the w velfare of the millions of people 
“dw elling or employed along the Ohio and ‘Mississippi Rivers, it is" a question 


of as great importance as any which ever arose not involving their liberty. 


Now is the opportune time for its consideration by all those most concerned. __ 


C. ‘E. Rawser,* M. Am. Soc. C. (by letter). +—The subject of the 
excellent paper by Professors. Woodward and Nagler} has long been 


cause of a great difference 


sented by the ‘authors 2 are e especially valuable since e they a are y hone on 1 actual 
measurements of run- off made b both before and after extensive drainage 


‘The writer’s remarks will solely to the rate of run-off or 


peak run-c off. is believed that the difference of opinion mentioned has 
been due dibaliy to the fact that the rate of run-off is increased in some 
Instances and reduced i in others, depending on | the nature of the riage 


governing conditions of the -water-shed, such as soil and ‘covering, and 


“Intensities and amounts of rainfall considered. Asa general m ule open-ditch 


drainage is reg garded as increasing the rate of run-off, and tile drainage | as 


‘decreasing it. This: statement being true, it is readily apparent that com- 


-binations « of the two types of drainage tend to ‘complicate the problem greatly, 
since, with a certain combination of the two types, drainage would produce no 


effect on I ff. 


Th general, it may be ‘said ¢ that the effect of “both open- -ditch and tile 
drainage | on the rate run- off i is primarily ‘governed b by changes 


ur 


‘time of ‘concentration for the water- and storage conditions. The 


rate of run- -off for a given rainfall intensity occurs when water 
“from every part of the water-shed reaches the channel | at the lower end. 
reby 3 rain that produces this: maximum rate must continue as jong” as the 


time required for water to flow from the most remote point to. the lower 


end of the water. shed, and the greater the intensity of this rain ‘ee 


and mil be the rate of run off. It is a well- established fact that, in a ee 


Mo. 


as Publi Roads, Ss. Dept. of Agriculture, Cape 
Roads 
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way, the intensity 
foregoing it follows ‘that in “the a 


water- shed increases the rate of run- ditches: which increase the 
velocity, of the water reduce the time of concentration for the -water- shed. 


Tile « or sub-drainage ze tends to increase the tin e of concentration since a 


onger period is generally required | for the water ‘to move through the soil 
and sub- drainage channels than over the ground surface and natural chan- 


nels, WwW here open ‘ditches induce sub- drainage for long ‘distances through 


or sandy soils, the effect sub- drainage would to counteract the 
effect of open- -ditch drainage on the rate of run- -off. 
a The storage of water on a water- shed tends to Pe the rate of run- “off. 


Open ditches which eliminate storage i in swamps and old lake beds, or reduce e- 
the height and duration of. overflows on adjoining | lands, have the effect of 


_ increasing the rate of. run- -off for rains such as are ordinarily provided for i in 


drainage: improvements. it is conceivable a rain could occur, with a 
duration greatly in excess of the time ‘of concentration. of the water-shed, 
that would 1 produce practically ‘the s same rate of run- Valen, 
nd after drainage for certain water- sheds. In tile” or sub- drainage the 


appears. to the writer er that while the conclusions reached by Professors 
W ‘Woodward and Nagler are sound for _water- sheds on which both. tile and 


open- ditch drainage have been, extensively practiced, it is not believed that 
results are generally applicable to all water- -sheds in the “Mississippi 
Valley, such as the St. Francis and Little Rivers on which considerable 


-open- ditch drainage, but comparatively little tile drainage, has been done. 


KEnnarp A. ‘Soo. C. (by letter). has s been esti- 


iter 


- mated that the flood of 1927 caused a loss of $1 000 000 000, of more than 200 
__. lives ¢ outright, and that more than 700 000 people lost their homes. In addi- 


tion, the number of people whose health was shattered and whose lives were 

shortened from. exposure and \ w orry, must be appalling. eet 1.5 all 


oth wee the 1927 fi flood was the highest, those of | 1912 to 1916 and many 
years were also very high. ek the so-called ordinary floods , of fre- 


nce, cause enormous ‘direct and indirect losses. Surely, there- 


which raise ‘the water level 50 ‘ft. above | the ‘surrounding country 


The writer has read with great interest and some 


eat 


f the Flood Symposium. + None— of the very able engineers 
“bull by the horns” and submitted real remedy. | 


ce ar The } proper solution is the application of the old homely saying that, “if 
: “a one horse cannot pull a load get two or more”. The specific plan devised by 


Received by the Secretary, June 13, 1928. baw: 
Am. Soc. C. December, 1927, Papers and 2451. 
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the writer ‘is shown | in Fig. 56. He is satisfied that the Mississippi River 
problem can be economically solved by creating four new rivers, with non- 


corrodible banks and bottoms, one in n the approximate location of my present 


j 


N, 


3 


a few contours: have been shown ond "the: of ‘Tivers: 


SHOWING 
DIFFERENCE 
IN ELEVATION 


13.0000 5 000 


56. —PLAN OF THE MississtPrr ALLEY 


—The construction of of River A should start vat the Gulf of 


«Ri 


“shout 300° more or r less, we: 
100 miles” from its mouth, ‘it would have | an Aisliiinas of 100 ft.; 300 m 


12 ft.5 and 700 miles, 7 00 ft. It would t tap the Missouri ‘River near “sry 
City, a at a cost of less than $200 000 000 per year : for 20 - years; but — 4 


be 

realized, thus: ensuring the Rivers B and dC and ‘the 1 


B.—The work on River B should commence 100 more or 
e mouth of the Mississippi, on the Gulf of Mexico; 100 miles rr 
Ohio River 


east of th 
the mouth of River B its elevation would be 100 ft., tapping the 
Big | Sandy R ‘River. to More ul 


near Ashland, Ky., or near the 
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River O—River its on Gulf of about 


5003 miles west of the mouth of the Mississippi ; 80 miles from its mouth its 
elevation would be 100 120 miles, 500 ft.; 150 miles, 1000 ft.; ; 450 miles, 
2000 ft.; 600 miles, 3000 ft.; and 1100 miles, 4.000 ft., where it would con- - 


“neet with the: Niobrara I River, found desirable River 


of only 600 ft. sea Gite b is 150 ft. sea 
level), and the mean flow over Niagara Falls is about 220 000 cu. ft. per sec. 


When fully developed, ‘the water power of the Nisgara and St. Lawrence 


Rivers will be worth n more than $2 000 000 per day. 
The flo flood flow, in 1927, of the Mississippi River has been alain to be 


‘as much 2 as 3500000 cu. ft. . per sec. , about teri times the flood flow of the > 
Niagara River. The drainage area of the Mississippi. and its tributaries is 


1240 050 sq. miles, or as of t that of the United States. This includes 24 of 
| itt will be noticed that the w riter has tried to emphasize the dost that the — 
@ ttre of all these rivers should | start at 1 the Gulf of Mexico o T o start 
anywhere « else would result in financial failure, for if work were started at 
- the heads" of the rivers, or elsewhere, in instead of at their mouths, | the e exca- 
vations would be repeatedly filled up with silt” before “completion, and 
financial: returns could be obtained until each 1 river was finished, which vy w vould > 
By starting at Gulf as every section of 50 or 100 tiles was finished 
7 “it could be turned over for operation, for navigation, and the development _ 
the country, thus giving an immediate return | t the outlay. 
1 While, for’ the | purpose of estimating, it was suggested that tv twenty years 
be taken for River ‘A, as a matter of fact work could, if desired, be started 
_ simultaneously on Rivers A, B, and C, and pushed as fast as desired. . J 
The - four rivers would naturally be interconnected that high 
Re one could be controlled by the others. _ It is unusual for high water 
_ to occur in the Missouri and the Ohio Rivers at the same time, but when it 
hl glance at Fig. 56 will show that Rivers A and C and the “Mississippi 
vould be by the Canadian, Red Rivers, ete. = 
Mississippi, say, 200 or 300 miles the mouth of River B. 
Rivers A, B, and ¢ should all be narrow and deep (say, 1.000 ft. wide ‘oul 


ret at least 25 ft. deep) ‘and should be regulated so so bed navigation could be ¢ 


“high low. water, as s at present, to the: tremendous financial | loss ‘of the 
country. All the r rivers ‘should have flat ‘slopes and beds lined with ¢ concrete 


1872 THOMSON ON MISSISSIPPI FLOOD CONTROL | 
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eg ing such forces to create ruin and havoc as is usual in all cases where floods § ‘%€P 
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a top-soil which is now lost gore 000 000 000 cu. ey per year) can be a 
distributed where and when needed, irrigating and reclaiming waste 
land, « ete. Two examples that follow illustrate the quantity | of this ; silt: 
oR inst. —When building a a bridge over the Ohio ‘River, near r the junction of 
- three States of Ohio, Kentucky, and West Virginia, the latter two being ‘ 
separated by the Big § Sandy River, the writer found low water at 6 ft. and © 
high water at 106 ft., with no soil on top of bed- rock. — A coffer- dam about 
30 by 60 ft. on rock, but was not sealed, high water com-— 
 pelled stopping work for the winter. In the spring | it t was fi found that the 
- coffer- dam, 2 25 ft. deep, was filled with silt and there was no means of ‘alin 
whether it would have been filled more than once if it had been emptied as a 


__ Second. —In placing some pneumatic caissons hone a bridge i in the Missouri is 
River, in South Dakota, the writer did not consider it feasible to dredge a 
to float the from the shore: to the sites » as the om 


the area the Mississippi its is 800 000 000 
: acres, the increased value of the land, due to navigation, irrigation, reforesta- aa 
tion, and general. development—to say nothing of the hydro- electrical | pos i- 
a bilities—should so enhance the value of the land that these rivers would aaa 
_ Furthermore, the mere undertaking of this project would tend to open 
up vt to the benefit of entire Continent North America. 
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‘me SOCIETY OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS 


ig “This heen is not responsible for any statement made or opinion expressed 


VIRGINTAD 


RDN. ‘Assoc. M. Am. Soc. C. E. (by letter). ¢—The author 


describes the broad engineering features of the ‘railway electrification problem 
quite completely and concisely. ‘There i is little more that can be said except 


to make ¢ a few remarks as to the merit or usefulness of a few of the details 


mentioned. _ The paper must be of immense practical help to engineers who | 


are engaged in designing such electrification ee particularly the data 
os 


The Virginian Railway electrification project is one more illustration of 
the economy that would 1 be possible by changing the motive power 


steam to electricity. ‘The power then comes from a central common soures: 
is, the generating unit is large and comprehensive. i is the re eason 


“why, from the points” of view of economy of ‘power, equipment and operation 
“costs, and ‘efficiency, electrification projects invariably prove: ‘successful and 


beneficial both to the company and the public. a The author states] that the 
Virginian electrification project. has effected considerable savings by the 


changed form of motive power. | Such conclusive evidence is very encouraging = 
to 0 engineers engaged i in other electrification projects and should certainly 


engineering activities throughot ut ‘the world | in establishing, with 


confidence, electric in the of steam, oil, or other, forms of power 


a) 

vi So far as Ind ia is ‘concerned, it | has great prospects jw dev 

. cheap hydro-electric power and alre eady several undert takings of great magni- 
have been started. Hydro- electric power should be cheaper than steam 


turbo- electric power, at least so far as the conditions of India are concerned, 
Where good, cheap coal is searce and natural water pow er is plentiful. Another 
advantage of water power is that it requires only the single transformation 


from the energy of water into clectricity whereas i in steam ‘turbo- -generators a 


by the May 18, 1928. 
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is required. transformation is to convert 
the | ent energy of the fuel into heat energy as stored i in ste am. : The a 
transformation is to ‘convert the steam energy into electrical energy. 
Besides the loss involved the double transformation | one of the great 
of the steam- -driven station is the large amount of space 
required for the boiler equipment and the condenser plant. case of 
the Virginian Railway plant (see Table 3), the turbine room occupies 11 440 
whereas the boiler- room space is 18 434 sq. ‘is, ‘more 
space is allotted to the steam- raising plant | than to the g generating plant. 


; |The ratio of the turbine- -room space to the boiler-r room space is as 100 ps 118. 


“space e required for | the generators. “os -and this is s specially important 
boilers cannot be over- loaded: 50% lik like turbo- alternators, so ‘that if advantage 


is to be taken: of the overload “capacity | of the ¢ generators at any time, ‘the 
3 “necessary extra boiler capacity must be secured. 


‘In countries like “America and ‘England there are, several reasons 
the slow w development of railway electrification. As stated by H. 


“Resistance to change, which usually is stronger in an and pow er 
e imetitetion like the railroads than in a young and struggling one, probably — 
has been the most serious single cause of delay; and as might be = 


it appears to have operated more effectively in England than i inv America”. 


In India, however, where railroad projects are just beginning to be devel: 


7 oped, there is no reason for | delay. All the present railway projects (which n may 


be. counted the fingers of one hand) are capitalized by outside enterpri 


_ and certainly the financiers would not start experimenting and would always 
postpone ‘so radical step as electrification in the hope that 
capitalist would bear the first, expense of the experiment. 


‘There is great prospect, _ however, that” the problem of electrification will 
be influenced by the growth of the great power systems in India. | It i is ‘recog: 
nized | that the cost of power is becoming more and more important, | 


civilization is requiring increasingly larger amounts of cheap power per capita. 
It will become still more important to utilize all possible sources of natural — 
power, which is plentiful in India and is now g going to wa waste. Cheap fuel is 
4 scarce” and cost of transportation is high. Therefore, this. problem is 
becoming more important and serious each year. The dev velopment of 
hydro- electric power would -yelieve the situation ‘tremendously. India, | 
electricity. is | indeed the only practical source of economical power. It is 
7” inexhaustible, ‘and should displace all the old forms of motive power. Pa Se 
ad The ec considerations that should generally be. the basis s of any pow er plant 
"design are well illustrated in Fig. 4. * The somewhat sharp peaks and sudden 
falls in the curve indicate that it must be very difficult: to maintain economical | 
operation of the station. — Quite contrary to what might be usually expec ted 
in a railwa ay load curve, the paper shows that, « on ‘two occasions within a period 


of twelve hours, the « entire station ‘load wa was t taken wacdhagp th e sudden falls 
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she xp peak | Ssh especially those of very short durations, are, however, very dis: 7 
advantageous. Fc or the sake of supplying power just for the abrupt peak loads, 


rt the generators” must operate and thus there is a great deal of idle power 


which being utilized. In other words, the 


reasons, that it is secure, in practice, any such of 


load ; ; but if if it is possible to relieve the station of such peak loads by drawi: ing 


the excess power from a secondary Source of of accumulated power supply, or 
by y creating some form of special boosters whereby temporary high drafts. for 


may be made, it would mean for the Virginian Railroad plant, the 


unning of not more than three turbo-generator sets at a time. 


The problem ‘of meeting the ‘demands of excessive peaks that occur for 


short periods ‘must be carefully considered. - Assuming that such a thing is 


~ possible, the maximum demand of the generators wot uld be reduced from 


to kw. during ‘the peak intervals. would make it 


the data given by the author one may note that the : average load for a normal y 
day i is only about 30% and on a maximum congested day n not more than 43% 
of the full capacity of the the plant. The effect. of this low ratio 


and of allowing the extra, plant to run idle is noticeable i in the actual outpur 


kilowatt- hours per pound of coal consumed. ‘The ‘station rate 
even less than 12 Ib. per kw-hr. of ‘net output, or about 143% effi- 


og In referring to the use of pulverized fuel,* it must t be said that although | 
| combustion would be better and firing easier, the fuel cannot constitute the — 
of energy by itself. It would be useless unless there was. practically 


unlimited supply and a sufficient “circulation of air, It. is invariably 


“necessary in every plan nt to make careful ealculations and provide suitable 
arrangements for the supply of oxyg en to the | combustion chamber. Perhaps" 
“the provisions made on the Virginian Railway are adequate. - The author i 


shown, all the prineipal merits: of location and planning of 


Railway “power plant, in a way that should open the « eyes. of designers to the 


‘conditions that must be satisfied, in order that a | project shall be a financial — - 


suecess. choice of site and other details of planning are decidedly prob- 


- lems for the engineer as distinct from the designer and inventor of machine 


iden at noteworthy i item ‘concerning the arrangement is s the 
> 


nical 


should always be adopted, as far as possible. ‘As a ‘matter of fact the economy - 


+ 
= by, reducing the transmission circuit in ‘this project is very ‘great. 


3 Proceedings, Am. Soc. Cc. E., January, , 1928, Papers and Discussions, p. 21400 
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18% sD MHAM ON THE VIRGINIAN ‘ELECTRIFICATION: 


choice between direct and alternating current is a ‘matter of the very 


7 


foremost importance. This v will de pend o1 on the distance to which the electric | 


current is to be supplied ‘and the | purpose for. which it is to be used. ae 


seems to have been agreed that where there are no other conditions affecting | 


choice of current, the ‘tension is best for 


perhaps little or no attention, and can be constructed for ‘any amount of 


“power; ; and their efficiency may be as much as 96 or 98 per cent. From the 


point of view of ‘economy i in ‘the electric mains or conductors, however, three- 
phase current is | best ; next is direct current; and last, alternating current. 

For railway tr ’ traction itself three- -phase motors : are | the best: and most economical, 

4 lit ‘present, there are about fifteen locomotives on the Virginian Railway. 
re that they are all moving in one direction in a day « of, say, 12 hours, 
the time headway per train would be 1 hour per | locomotive. At an average 
speed ‘of 20 miles per hour this would give an actual space headway of 20. 

miles between any two trains. | The ordinary spacing of sub-stations with a ] 
much lower voltage arrangement would be | 20 miles - From Table 6,* it is 


found that, at present, the maximum number of trains either way (say, east- 


bound) is fiv e. This would mean presumably an actual headway of 2. 4 hours | 
per train. Taking the low est average of 14 miles per hour, the actual “space: 
headway would be 29.6 “miles, instead of 20. miles. To “satisfy the latter 
requirements five main ‘sub- stations would have been sufficient under ordinary 


“4 - conditions of close sub- station spacing ; but i in thi this ¢ case the oper ation is done 


at a very high voltage. _ Taking full advantage ge of the balancing wire sy ystem 
would have been ‘sufficient to increase the -station. capacity and reduce 


Referring to the main operating costs, results given by the author 


“are very aman Generally, by electrifying the road, only i in a few 


= 
items, such as cost of engines and maintenance of equipment, are considerable 


es 


savings to be expected because these would be about 45% of the total expenses. 


30% ‘saving in these items w ould mean nearly 1 14% reduction in the total 
operating Cost but the enormous inerease in the capitalization and the very 


large’ incidental increase in the item of maintenance of w ay and structures 
(including the trolley and other contract system and the supporting struc- 


sit i i 
tures): is the main handicap against electrification, _ Sometimes these larger 
expenses would | goa long w ay toward ‘neutralizing the 14% sav ing; but how- 
ever small the savings may ha: electrification is an up-to- date development 


ar nd will displace other kinds of power in the future. | It can perform ‘a service 


beyond the possibilities: of the steam engine and it effect” greater 
1 the future 


these may y be sufficient ‘to pay a reasonably ‘return the new 


capital charge incurred. - This has proved to be the case in the Virginian bri 
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PAPERS AND DISCUSSIONS _ 


Society is ‘not responsible for any statement or 


-Discussion* 


By Messrs. MeNscH AND WILLIAM Carn. 


L & Menscu,t M. Soo. C. E. (by letter). 4—The . Bureau of 


_ Reclamation is to be congratulated for the advanced scientific Speoienente = 
has introduced with respect to the design of dams. ‘It is true that this 


Bureau “ought ‘to be t the home concentrated study, evidence that such 


about 1912 2 any engineer who proposed. an arched dam 300 ft. high 
“would have been considered an unreliable man_ and a dreamer, even if he 
designed it for. cylindrical stresses of 30000 Ib. per ‘sq. ‘Nothing but a full- 
— gravity dam, w ith an additional safeguard provided by making it an : 
arched structure, was considered proper. - Although quite a large number of 
deanna! arch dams—many of them considerably less than 100 ft. _in height— . 
had been built in the United States and foreign | countries. since e 1870, con-- 
servative engineers would not favor them because the distribution | of 


in such structures appeared | mysterious to them. 
ae Since 1904, the Society has published quite a number of papers and dis- 
ures: “cussions, in which many earnest v workers have tried to clear up this | Subject. — 
truc- The | general trend has been to solve the problem. by | assuming ‘the arched 
urget structure to consist of two systems of members, namely, a horizontal 
how- arches fixed at the abutments and a — of cantilevers fastened 
rvice The writer has shown, by the use ‘of the theory,§ that the stresses 
» such horizontal arches of relatively considerable thickness 2 are. much 


greater than those . given by the cylinder formula. He also showed that the — 


__* Discussion of the paper by C. H. Howell, M. Am. Soc. ce BE. and t the late 
Received by the ‘Secretary, February 9, 1928, 
§ Transactions, Am. Soc, C. E., ‘Dp. 
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MENSCH ON 


assumed vertical cantilevers behave more like beams simply eupported at ‘the 


base of the dat rather than rigidly fixed a at that 


William Cain, M. Cc has. treatedt ‘the thiek cylindrical arch 


a more general form. m. 


_ These papers apers only pee that there are very “much ates stresse s than 


ibis former ly supposed in in horizontal arches" and cantilevers, but they did not 


explain the safety of many existing daring arched dam structures. It has 


been known for more than ten years that theoretical investigations along the 
old line were futile and the writer has previously pointed out{ that, in thick 
sections, secondary arches are formed which are stable and which prevent the: 


failure of the 1 main arch, He has also” shown arches of increased thick- 


ness at the abutments are much more - economical than arches — of uniform 


engineers of the of according to 
also have adopted the system horizontal arches and vertical cantilevers, 
but have gone the previous: designers by ang 


arched dams “of such slender as no engineer has to 


The paper s hows the enc enormous / amount of labor it takes | to design such 


was: reached. It is “however, , to results with a still, 


greater economy - of material and labor by u using more calculus and less arith- : 


~ail ‘Befor e showing this siveplee method the writer wishes to restate ihe theory i 
arches under, normal loads. 


= Let a CB (Fig. 26) be. the center line of a circular arch of a constant 


width « of 1 ft. and a constant depth of of t, subjected ti to water pressure of p Ib. 
- per sq. ft. If this arch were considered to be free at ‘the e abutments, but to to 


act t as a portion ofa full circular cylinder subjected to uniform normal ahaa. 


i would diminish in diameter and take a new position, _ A’, C’, B’, concentric to 


its ; original position. The diminution of radius « can be found by the following 
consideration : ‘The shortening of the whole cylinder equals” uniform 


ae, “Gravity and Arch Action in Curved Dams,” By. Fred A. Noetzli, M. Am. Soc. C. 
- ‘Transactions, Am. Soc. C. E., Vol. LXXXIV (1921), 1, and ‘“‘The Relation. Between Dee” 
tions and Stresses in Arch Dams, ” Transactions, Am. Tee C. E., Vol. LXXXV. (1922), p. 284. 
 **The Circular Arch Under Am, Soc, Cc L xX XV 
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per square foot, —, times length of of periphery of cylinder, ,@Qr ); divided by 


of elasticity, 


= 


gives the shortening» 
radius, 


2 (74) 
Fi ig. it can seen that the chord of the unrestrained | arch, 
: A, CY, has been shortened in each half of the span an amount, A A”, al 


to 4 @, or the shortening | of one-half the arch span, 


the 
pee 
ver 


the arch is at B, to be horizontal forces, 
al y, acting outward at the abutments to lengthen the chord of the arch, A’B’, ’ 


the original length, AB, and moments at the abutments, ‘to keep the 


a ‘hen the mo moment due to the » uniform shortening of the arch a at any point, — 


* Since the angles of the 


Substituting Equation (7 in Bguation (78), and d transposing: 


a7 


sions, p. 81. 
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‘The term, @m, the the center of gravity of the line, 

of the ar arch, as Fig. 27. It is that G O sin 


Gm=r — COS a 


Hence, substituting Equation (80) in Equation (77), 


This means that it is permissible to assume Ta 
center of gravity, G, of the center line of the arch (see Fig. 


ihe Hence, there is ‘only one statically unknown quantity for the solution of 
the effect of the. shortening of the arch, ‘namely, a which can be found by 


in which, Q, NV, and M are the normal, to, and ‘moment at any 
due to. the action of T only. By differentiating accord: 


‘due | the unknown T, can be determined as 


4A” = 


® rom Fig. 2%, 


— 
(§ 
| 
| 
0) 
‘ 
| = 
the 
“i 
= 


in Equation (83), the proper values (8), 


a —— sin 2 a 
4 


rf. 


from which, T can be readily found. 
If the uniform shortening is produced by a drop of temperature, ty or an 
equivalent shrinkage of concrete, the term — is 4 " must be replaced 


by ¢ ty Th is value, 


Equati Equations (88) and (89) become more useful by introducing the rise 


> 


arch, f 26), instead of the radius, and, water 


in 
_pr 


=> 


vas a J+ — cos 605 
change of temperature: 


of sin a 


3 Equations (90) and (91) are more readily ‘solved by the use of Table 11. -_ 7 


_ Thee equations of Ti in this form show the influence of the thickness of the 
a 
eo very clearly. © For example, assume the ratio of rise to thickness, —= 3, 


‘Then, from Table 11, 


"41.138 941. 228 398 


at a point, below crown n, 


Transactions, Am. Soc. Cc. Equations (10) and (11); 
©, p. 249. 
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ening of ‘the produces a moment at the crown equal 
0. 0878 0.451 r= 0. 00396 ; a moment at the ‘abutment of 
0. 0878 pr (0. 133 —s 0.0451 a = 0.00775 pr; a normal force at the crown ! 
of 1 = 0.0878 pr ; and a normal force at the abutment of 
TABLE 11. —TABLe OF ‘ConsTAnTs ror Various VALUES OF a. 


4 


228 


1.6614 8276 | 
8.1416 | 0. 6366 


The eccentricity | of the normal ‘fence at the crown is, wy 


and that at the abutment 


0084 = 0. 189 t ¥ 
While the e at the. crown is than one-tenth the thickness 
of | the arch, the point of application of the normal force at the abutment is 
outside. the middle th third. . From the equations in Table 11, it is clear that 


tensile stresses are produced in all ‘arches, whether flat or steep, whenever 

‘The tensile s stresses are, in n fact, ‘much larger than when a fall of temper- 


or shrinkage of concrete ‘is taken into ceonsideration, the following 

Assume in 1 the same arch, p = p = 4000 lb. = 270 270 (1. 30) 


f = 


288 x 10° X 0. 0000055 X 000 


for the very low drop « of only 1 12° , and from Table oll, = 


| q P 
| 
4 
| 
| 
0.642 | 0.00084 | 0.9549 | | 
| 
{ 
econ 
Inste: 
> 


> = 


P — a ‘MENSCH: ON J ARCH D DAM ANALYSIS BY TRI AL ‘LOAD 


1a@ 


= 20 000 X 0451 = 243 000 ft- 


‘the moment at ¢ th but ut i _ 
20-000 x (f — 0.0451 r) = 20 000 X 0.0882 r = 478 000 ft-lb. 


The ‘normal, foree at the crown is, 


9122 20 000 = 965 000 Ib 
‘the normal rmal force at the e abutment is, 


0.924 pr—20( 000 cos : cos 30 =9 070 000 Ib. 


The eccentricity at # the crown 


» due to. only is, 
243000 _ 259 ft. = 0.021 t 
5 
eccentricity at the d 


rature wale is, 


“Then Fig. 28) = - 
tl 


29. 


- is than 3, secondary arches are forming and 


1.1307, 40.9568 


Am. Soc. C. E., Vol. LXXXV- (1922), p. 233. 
rs 


— 


The moment at the crow 
1 
“ 
Lt 
Hence, the total eccentricity Irom shortening of the arch an rop of 
an _ temperature at the crown = 0.098 ¢ + 0.021 ¢ = 0.119 ¢, and at the abutment : 
parly 24 times | 
| 
Fie. 2 — 
Therefore, where 
30) economical design requires that the arch should not be of constant thickness 
j 
ered. 
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Ww here (as in the Gibson = 1, itis found that 7 without: 


consideration of shear, becomes 7% larger; but where (a. in the lower part 


of the the Bear Valley Dam), -= 0. 22. Table 11 shows that, 


— 


0.180 — + 0.9568 


ondary arch 
out ‘secon are action. 
None of these formulas to non- in 


_ ‘Stresses occur , and such stresses do oceur in in nearly : all arches (plain and rein- 
forced), in which — is less | than 3. Secondary ‘arches are then acting w ithin | 


such arches, having a larger rise, radius, smaller thickness, and also 
different pressure than the arch. The water pressure will be differ- 
en 


- nt because th the ee will intrude j in the cracks at the extrados near the ahat- 


mer 


about twice as 8 large as s that at the crown, and it is a a mystery to the writer Ww . 
: arched dams are not designed i in the first place i in the aii of the future sec- 


ondary arches, with enlargements at the dangerous sections. 


more 


det A CB (Fig. 29) be 1 the center line of a circular arch | having a thick 
‘mess of t at the -erown and t, at abutment. the 


inw which, K i is a constant; J = the moment of inertia of the crown; I, = the 


in 
"moment of inertia at the abutment; wth - = the moment of inertia at any 


For all practical purposes : 
in which, L is another constant. “When the thickness of the abutment is y 
times the thickness at the crown, K may be assumed as and the correspond- 
2 


as —. When the thickness at the abutment is 2, Poth that K = — : 


at = 7 
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= The writer has checked this assumption 


cases w ith the ‘summation “method and found only very varia- 


In order to solve the arch 
constant. depth, it is necessary to hese the new value, A -. 


30) and the new line in which T is acting, which does not not now g go through he 


center of gravity of the ‘arch but through the center er of gravity of the so- 
called elastic weight, = By the use of en ee: modified by Equation 


K\ 


— 


Assigning actual values to sin corresponding of U (See Equa- 


tion (9 5)) for v alues of and 2, , respectively, , are given i in Table 
‘TABLE 12.— OF FOR Vv OF 


7 
0.968 | 0.5020 | 0. —| 0.970 0.4459 | 0.000268 
0.8619 | 0.002783 | 0.943 0.7542 | 0.00186. | 


(93) 
is 14 


spond- 


for an arch of 
| 
h- 
ile 
q 
why 
why 
sec- 
ot 
h as 2 
all 
ness 
(92). 
any 


ds sor d ? sin sin 
x i ‘ La 


wal Age 


Substituting E Equation (94) i in n Equation (97) and 1 differentiating according . 


, is the movement of one abutment, and when integrated ov er 


one- one-half the the result i is, 


sin’ (1— K 


l 102). 


The values of j , k, and for v various us values of a, given in Table 12. 
The change of temperature, T'y, is. obtained by substituting 1 the expression, 
a, in (97) to get an expression corresponding to 


\ 


am 


values of a smaller than and it will be quite as p permissible to use 


same formula for smaller values of aas for - . The authors advise using 


this. includes ‘the | influence also. The Bureau of 
Reclamation has probably the most complete information on his subject, and 
a statement issuing from its office, containing observations on which ‘this 
we diagram i is based, would k be highly welcome. What influence has the ‘gradual 
widening « of the arch, near the abutment, on the stresses of arch in Fig. 29! 


From Table 12:0 


"Proceedings, Am. Soc. E., January, 1928, Papers and Discussions, p. 
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00x12 


Nat the crown e uals, 
— — 20 400 = 0.856 =6 
N at the abutr 


b. 


“ae at the equals, 

(T+T, 

| M at the equals, 


Ty) (Ur — cos 80) = 195 000 0.101 7 = 5 850 000 ft Ib. 
Eccentricity at the crown equals, 
1 870 000 _ 


5350000 
= 5.86 ft. = 0.325 t, 


mum stress at the abutment (see Fig. 28) is, 


Xx 2 = = 3.8 


or, the enlargement of the arch, the stresses, due to the 


shortening of the arch and a a drop of temperature, become 


of the ar a several This can be ‘simply by the 


consideration: In ‘Fig. 30, assume AC to be the center line of the arch and, 


after uniform m compression, the arch moved upward into the position, A” 


Then apply a force, 7, in. order to bring AY” back + to A 
ise Ue 


Tn this position the crown of the arch, is already low owered a distance, 

vrature. 


) “The niin: can be found* by | assuming the left half of the arch to be 


reau of fixed at tA”, and the force, T’, acting at G and a a fictive force, w, acting at the Z 
xct, and crown, then ‘to differentiate ‘Equation (82) according to making v= 


gradual ds T sin + w cos —— ‘Fe p... (107) 


T cos ? w sin == 


——- +ursin 9; 


‘Transactions, Am. Soc. C. B., Vol. LXXXV (1922), 
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From Equation (104) 
on —— 
5000Ib, 
0) cos 30 = 0.8772 p — 34 000 Ib. = 913 
) r = 195 000 X 0.032 = 1670000 ft-lb. 
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“The the erown of the arch in 1 position, A” C” B” 


= sin @ cos Pd sin cos ad 


a Integrating and adding 4 r (1— cos a), , the total deflection of the crown is, 


-d— a 


The vertical | an with a depth increasing from the | 


"4 crown, to the : abutment is found, similarly, by using Equations (92) and (93) 


‘in Equation (82). 


- The vertical displacement of the point, G’, in relation to C” is easily found 


Consider @ C” as y in the well known equation, y = —, (S # — ah, 
the origin at for this section, and, with normal force and shear 


a 


“This point and the tangents at the e crown and abutment being known, it 
should not be much trouble to draw the deflection for. the whole arch, 
‘The writer not mentioned Poisson’s ratio because most find 
F it safer to forget it. - Positive proof of its beneficial influence is still sadl; 


lacking. The s so- called curved beam action has been ‘because theory 


and tests show that, for the case where 


A2 


raor ; the stresses ar 


t 


they are influenced 9% , and 


of and drop of temperature and ery 
daring dams are e standing, however, a nd an explanation is : urgently needed. 4 
In seeking help from the cantilevers near > the « crown n of the arch, it is fous! 
“that dl the cantilevers: themselves, according to theory, ‘are stressed to the limi 
authors: sought help f from the! cantilevers” near the abutments. The 
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me Re ascribed to them by most engineers and, in fact, wine con- | 
sidered the horizontal arches to hapa” a horizontal and vertical abutment at 
the end. This amounts, in effect, to the assumption of a horizontal arch of i. 


In large arch as a rule, it is to assume the arch ‘Tings 


10) § to to be affected only by water pressure. “If the weight of the arch ring is also 
i] considered, it will be found that the most economical design is obtained by 


18, inclined arches, the inclination being given by the word pressure per equere 
foot to the weight of the inclined ring per linear foot.’ * The importance of of 
| this statement will be seen in the following demonstration. 
— vy Fig. 31 shows a section through the crown of the Dam No. U, mentioned _ 
111) § by the a authors. At Elevation 5 280, the water pressure is s 10 400 Ib. per’ sq. 
‘the | | ft., the w weight of the arch 1 ring is 5 200 Ib . per lin. ft., and the ratio of 1 water 
pressure and v weight of ring is exactly 2 2 tol. 
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tm A w an of — Line A B, 7 
a plane perpendicular to to the plane of the paper. — This plane will i intersect the 
dam as shown in Fig. 32, v while the horizontal section A D,is shown in Fig. 33. ’ 
It is apparent that the radius of the inclined arch is very much shorter than 


1 sadly 


theory the horizontal arch and will, , by th the prineiple of least work, support a much 

— greater” part of the water pressure than the horizontal arch. Of course, the 

sses art inclined arch has to carry a larger load, the resultant: of both vertical and 

- _ torizontal load, namely, 11 600 Ib. per lin. ft. Its thickness i is also about 10% 
ls, less than that of the horizontal arch, but it is 10% deeper and the transmission — 
ae of the water pressure to the assumed arch will be different from that shown, a 


in Fig. 31. The water ‘pressure will center around A’ and will be transmitted 


by shear and friction. ' “ The assertion that A B ought | to be inclined in exactly — 
this ratio should be to there might be cases, depending 


the 


starting the of an arched dam by properly designing 


aller Jos Am. Soc. C. “Vol. LXXXV (1922), p. 258. 
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m4 1892 MENSCH ON ARCH DAM ANALYSIS BY TRIAL LOAD “METHOD 


"inclined “arches, assuming carry their own and water 
‘pressure, these inclined arches to be affected d by a shortening ¢ of the arch and 


The writer is quite convinced that the arches are, in fact, very” much 
stronger than given by the standard design for the following reasons. 


well | known that a ‘concrete beam, when tested destruction, is 


>= 


“not follow Hooke’s and of a line distribution of stresses, 
tf there is, , especially near the ultimate load, a p parabolic. distribution of ‘some 
power grater than 

Tests on eccentrically loaded columns also a 
“than ‘the old straight line formula indicates. 

Assuming a distribution of stress based on a tie 34), 


walle stresses are found to act in a sertmgetor section, | when the cocentricity 


of than — as according to the “old theory ; but 


4 


Considéret compared a 16-in. column, loaded with | an eccentricity of 4 in, 
an identical column axially loaded. The | latter failed at 3 600 b.. per 
‘sq. in, , while the former failed (according to the old at 4 950 Ib. 4 


—_ “per ‘sq. in. me the concrete strength was only 3 600 Ib. per sq. in., the eolumn 


* Transactions, Am. Soc. C. E., Vol. LXXXIII (1919-20), p. — 
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Papers “MENSCH on ARCH DAM ANALYSIS BY TRIAL LOAD METHOD. 


this result a agrees, within 1%, with the eubic parabola stress 
Careful comparisons with r many other tests* also check the writer’s 


Table 13 lists the maximum stresses for various concrete sections having 


tensile strength (on account of joints), e being the 
depth of a rectangular section, 


TABLE 13 —Maxmmum 1 IN Cotumns FoR VARIOUS VALUES OF e. 


to cubic  parabols > according to straight 


line formula. 


0. 180 
0.200 
260 


Table 13 shows that the stresses are in most cases 20% smaller than was for- 
merly believed. T ‘The arches are, besides, much stronger than common 
clastic theory | indicates for the reason that the modulus of elasticity does no not 
remain constant. At the: abutments, the stresses 
“the modulus o: of elasticity becomes ‘tapidly s smaller. This means that the defor- 
mation of the arch near the abutments is relatively larger than the theory 
| assumes. It has the effect of lowering the point of application | of T, so that 7 
greatest moment (which occurs always at the abutments), decreased 
and the moment | at the crown is increased. _ OA similar effect is found i in contin-— é 
uous beams, and this induced the Joint on Specifi Con- 
— erete and Reinforced Concrete to recommend that continuous beams be fully _ 


loaded and fully | fixed at t the support in n order to be designed for a moment 0 a 


at the support, and in the center). 


I 


i It j is very probable that for this reason alone the arches are € 33% | stronger 


“than the elastic theory teaches. It is is high time that the colleges discard the 
hypotheses, on which they build their theories. Tests ought to be 
‘made with the ‘proper spirit of finding the true laws of the strength of 
materials, regardless of tradition, and tests to destruction on small model 
dams would soon demonstrate to the most conservative engineers the enormous © 


The problem of the perrer dam has a corollary in the slab, , supported on 
four beams used _ in building construction. In Fig. 35 such a slab is ee 


i * Beton und Eisen, 1916, p. 56; 
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seat a a center strip in two direction In all | building ordinances in Germany, 


“the center slab shall be assumed in the inverse ratio of the fourth power of 


their respective spans, for the only x reason that the center strips have the same 

- deflection at the center of the slab, _ when . uniformly loaded in that ratio. > Even 

in the United States building ordinances require a division according to the 

third power of the ratio of the spans. In France, however, it was found by 
= nearly 30 years ¢ ago, that the division of the loads ‘ought to ‘See Steniiliee 

to the second ae of the ratio of the spans. oa The een’ was not forth- 

diagonal: strips, n 

in the long direction. 

M. Soo. ©. E. (by letter)+—The writer agrees with 

_ the authors that, for the eine solution of the arch dam, the whole dam 

must be « considered, which thus involves 1 the shape of the canyon, — Friction 

‘between the horizontal arches and between the vertical cantilevers ‘ is ignored 

and a series of proportional loads on these two elements are, in turn, assumed 

until one series is found to give the same 1 e radial deflections at the same points 

for both elements. Of course, for an exact solution, the friction referred | to 
should be considered as i it plays a very important réle in transferring stress 


toward the abutments, particularly across cr acks (either | ver srtical ¢ or hor izontal) 


a ~ deflection i is zero. . This friction. or shear 3 is 5 not of much importance in in a a dam, 


without cracks, that the base; but we usual 


of of solution it has to be 
With regard to the division of the normal water pressure between a hori- 


zontal arch and the vertical cantilevers crossing it at the depth considered, 
some general conclusions can be given. To avoid going over old ground, ‘the 
writer would refer to his discussion of the paper by Fred A. Noetzli, M. Am. 
Soe. C. E., , entitled, “Gravity and Arch Action in Curved Dams” “3 especially 
to Fig. 15 in connection with the analysis for the Wooling Dam. The diagram 


refers to a cantilever at the crown, but it equally applies to one anywhere ded 


‘subjected to its s proper proportional water | load, the arch deflection being com- 
puted for the point considered. On any cantilever, there is one point, K, where 
E Z all the water pressure is carried by the arch and none by the cantilever er. U nder 


a its proportional water load, the ¢ cantilever would bend so as to be concave down 


stream; but above K, it is found that, under this load, it tends 1 to deflect more 
than the arch. This excess deflection is resisted by the arch, which exerts a a 
horizontal pull on it | acting up stream with a consequent equal reaction from 
the cantilever. The part of the cantilever above K thus _ bends so as to become 


‘concave up stream. The smaller ‘the down-stream deflection of the arch, the 


* rof. ‘Emeritus, Univ. of North Carolina, Hill, N 
+ Received by Secretary, April 14, 1928. 
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ON ARCH DAM BY TRIAL LOAD METHOD» 


8 greater its pull on the. cantilever ; so so that for points above KE, if the detetties 


at 
of the arch decreases in going > from the ¢ crown, C, to the abutment, A, then the 
_ up-stream pulls on the cantilever should increase from C to A, provided all the 


cantilevers are ¢ of the same stiffness, as for a level dam site with cantilevers - 


the sa same size and height, that are not cracked or that have similar cracks. ie, i 
_ The same conclusions | hold when the dam site is a eanyon, | since then the 
of the cantilevers increases in going from ( to Tf the deflection 


of the : arch, decreases irregularly i in going ¢ from Cc to z A, or if the cracks in the | 
_ cantilever are not similar, then the variation in the load on the cantilev er 


Next, consider points below on any cantilever ox on which h the total 


p” = the unit normal pressure the so that 


wa a assume that, for a level dam site, the radial deflections of the arch 
> 


: - diminish from the crown, C, to the abutment, _ A, where the deflection is zero. a : 
mM Then, . since the deflections of the arch and any cantilever, at the same point, 


is must be equal, it follows that the deflections of the « cantilevers must Saceiiiiie 


| _ from a maximum at the crown to zero at the abutment. *F urther, suppose the a 
cantilevers to be alike and without cracks. or with exactly similar cracks 


4 . the same amount for the same 
load; ‘then, in order that the shall decrease from | some value at 


zero at A, unit normal pressure p acting - a cantilever must 
decrease in g going from 2 to A. + Consequently, s since p+ p’ =p (a con- 


4 stant), then p’, the unit normal pressure on the arch, must t increase in going 


ie Tf, however, it is assumed that the more central cantilevers are the only 


ones weakened | by cracks, then p” can be than before C, and it 


actually i increase from to a point ne near r the Th The fixing of 


oe 


q what ‘the value of and this infinence will extend some distance out, 


ncrease, in w creases in going - 
the case of the e canyon, Fig. cantilevers in 


going from C to A, increase in stiffness and their deflections decrease for 7 
_ the same load, so that it is possible for p ’ to remain constant throughout (con- 7 
sidering the fixation caused by the walls). In that case, p is constant, or 


: py can actually i increase and p’ can decrease in going from C to A |, particularly — 


if cracks occur in some of the cantilevers 1 in the middle portion. no case 


7 ‘it | necessary that p’ should be zero at A, as seems to b be assumed by the authors. 


% \ All the deflections wer were assumed to be down stream and to decrease in going > 
from € to A. In the arches at the crest, near the crown of the Stevenson 


Creek Experimental Dam, the deflection was down stream at | the crown, but. 


uD stream nearer the abutment, the > neutral line POE a reversed curve. 
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1896 «GAIN ON ARCH DA DAM ANALYSIS BY TRIAL LOAD METHOD © TP 


Evide nly, t the loading o on the arch was such as to produce this curve and on 


the canyon and the cracks, or portions subjected to tension, in 


. 7 oi Fig. 5,* referring to Dam No. 1, the load over most of. the horizontal 
arch was ‘uniform. In this dam, tension was supposed to be provided 
for; but in _ the other dams, where the material “everywhere | was supposed to 7 


be incapable of taking tension, the proportional loadings were very variable. 


— Nearly all arch dams are not fixed (encastrée) at the base in that no provision , 
is made for the inevitable tension at that point for dams supposed to be fixed at _ 


the base. The authors have properly excluded the parts of the ‘sections where 
tension is found, which oceurs when the ‘resultant on the s section falls outside a 


it its middle third, so that only the part of a section in compression is consid- 
| 


‘The cantilever loads must include the weight of the concrete above the 


—seetion « and that of the \ water vertically « over | the up- -stream face, the negative 
load due to the arches near the top, and the assumed - proportional part of the 
water load on the 


axis will be taken | at t the center of this compressed portion, wih the moments | 

~ and moment of inertia must be taken about this center. For sections where | 

the resultant falls 1 within the middle third, ‘the moments are taken, as usual, 


After these ‘moments at at the vari ious sections have t been computed, the deflec- 


[> * 
- of the cantilever at various us points | are e ascertained. ‘This can be effected 


|. 
— 


= 


‘the deflections can be ead off to 0.001 in with practical accuracy. 


lever is s fixed at ‘tha base. Iti is simply to be supported at the base 


and to have there a vertical tangent to the neutral line. It can only be sup- 


posed to be fixed at the base when sufficient tension can be exerted, and this 


Fo or very thick dams, the deflection due to shear should be added to ia 
corresponding: to moments. This: is” easily compu uted from the well- known 
formula for the deflection i in feet, h ft., above the section, Fig. 


a to a parabolic distribution of shear on a cross- bran of area, a. 


* Proceedings, Am. ©. January, 1928, Papers and Discussions, p. 
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CAIN ON ARCH DAM ANALYSIS BY TRIAL LOAD METHOD 1897 


shear due to loads acting on the cantilever, 
_ @ = area of horizontal section where is 9; 
modulus of rigidity, i in ‘Pounds per square inch. 
The integral gives the value of the shaded area, so that e deflection, in 
inches, i is, for a trapezoidal section 


+ =) 


If preferred, the shaded area can be written, —2 . h, in which, S, and M repre- 


sent the shear and area, respectively, of the section of the cantilever at the — 


distance, —, above er ‘Section. cantilever having 


‘of the t top of each part with respect to. its base can 1 be computed from this 


formula and the sum taken for total deflection at given yen height. 


Fic. 36. 
It will be seen from this discussion that the of counting 
as as effective only the parts of the sections of cantilevers i: in compression in com- 
puting moments, ‘must. necessarily lead to different results from those found 
on the assumption that the cantilever | can resist the tension. > As a matter of - 
fant, American dams are not usually reinforced (the Wooling Dam is the only 
‘reinforced dam as far as the writer know s) and cracks are to be expected. 
_ Where they occur, it is manifestly absurd to count on tension being exerted pau 
across: the cracks, 0 or that 1 the dam remains intact, and yet this assumption is 
eos basis of the usual analysis. — This basis, not : agreeing Ww ith the facts, should © 
| rejected for other than dams. The authors deserve thanks for 
fearlessly working from the facts and dealing Ww ith the actual dam with sup-_ 


posed openings: (or. cracks) where tension would occur and not w ith an ideal 


od In the usual analysis, the dam is ‘supposed to remain intact. Them, he 


‘solution is effected for. the dam w ithout weight and omitting the Ww eight 
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 * In Transactions, Am. Soc. ol. LXAX2 p. 100, B. Jakobsen, M. Am, al, 

©. E., gives reasons for taking G 


ON ‘ARCH DAM ANALYSIS BY TRIAL 
water vertically over it. The latter are to be included later. By the 
authors, they are included from the start, so that it is possible to find the points a 
where tension would b be exerted and the sections under compression which alone a 


are to be haayaiae as effective in n computing deflections and stresses. _ 


— 


- dreds of trial computations ; is enormous and looks p prohibitive except with a 
7 large office force; so that any hints that may reduce this labor may — 
By shifting the origin to the “ ‘elastic center” , the number of om in 
Equations (24) to (29)* is ‘greatly reduced and the ‘solution more easily 
effected. Otherwise, in place of normal loads, equivalent vertical and hori- 
- zontal load ‘ean be taken. The solution, where such loads are taken as ‘unit | 
loads for symmetrical arches, has been given by Charles S. ‘Whitney, M. Am. 
Soe. C _E. Very simple formulas : are derived for finding the reactions \ when — | 
- bending « only i is considered, the effects of direct thrust being treated separately. = 
The w vriter$ | derived very simple formulas for the reactions for both vertical — | 
‘and horizontal loads Gneluding symmetrical horizontal loads) the 
_ chanees for mistake seem to be reduced to a minimum. . How ever, eo graph-— 
ical 1 method given by Mr. Whitney§ : for finding ‘reactions an and deflections Sat 
any point will especially appeal to the | computer as giving | - quickly the « quan-— a 


‘the ¢ crown n and for arches atv various s elevations. The labor of 80 many y hun- 


we If a uniform th thickness of a symmetrical arch is | assumed, it is possible to 


derive formulas for moments, thrusts, and crown deflections for ‘sym- 
_ ‘metrically placed single loads, acting normally to the extrados, and then, for 
sn di assumed continuous loading, to sum the results for the whole load. — This | 
is probably the quickest method of effecting | a solution for an arch poe 
subjected to appreciable tension ; but it fails otherwise. WI ‘hen the thickness | 


of the arch varies, the arch will have to be divided into a number of parts and i 
a method of summation will have to be used.|| For the unsymmetrical arch, J 
\Melan’s method may ‘ad . liamet 


conclusion, the writer wishes to express his appreciation of the authors’ Viscosi 


a. valuable paper which is a decided step forward where light was most needed. § refer 
* Proceedings, Am. Soc. C. E., January, 1928, Papers and Discussions, pp. 83-84. teatio 


See. Am. 1. 90. (June, 1927), p. for Mr. Jakobsen’ 
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MESSRS. F. THeopore Mavis anp Morrovucn P. O BRIEN. 


F. Mavis,+ Assoc. M. Am. Soc. C. (by letter). +—The author’ 
use of the term, “friction factor”,§ for the slope of the energy line is -confus- . 
“ing since that ter m has long been used i in referring to the ‘Ineasure of channel _ 


roughness, particularly in formulas for flow of fluids. in) pipes. The friction 


factor, , in n the Chezy f formula a, 7 function of the Rey nolds 


number, —, and the character of the conduit, and it is ‘oe slope of 


the energy line the loss in energ head in istance, | 
sy t 1€ ead a dista nce, Ud 


diameter of conduits v, the the coofiicient of ‘Kinematic 


fications | as the he slope of of the water surface, although this definition leads to 


inconsistencies which are clarified if 8 is defined as the slope of the total — 


ll 


“Equations (10) and (11) ‘to a any inv vert profile and 
dine of channel section , constant or variable, open or closed, flowing freely — 
or under pressure. * * From Equations (10) and (11), the energy 
dient * can be computed for any given channel for an ‘assumed. 


Discussion of the paper by Melvin D. Casier, Am. Soc. C. ‘continued from May, 


1 Al 


Received by the Secretary, March 14, 1928. 
_-§ Proceedings, Am. Soc. C. E., January, 1928, Papers and Discussions, p. 97. rs, 

| See “Walker, Lewis, and McAdams, “Principles of Chemical Engineering’ ’ (McGraw- 2 
Book Co.), for values of f asa function of the Reynolds number. 


Am. Soc. E., January, 1928, Papers and Discussions, p. 101. 
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ON STREAM ‘FLOW IN GENERAL ‘TERMS 

“theorem: difference e between t the total energy 
= at two pore on a m line is equal to the losses of 


energy between those two points. If this theorem is to be a an 
variable section one must know not only the a amounts of various energy 
losses but also the pressure and velocity | distributions, | in order 


ributions, in to e 
even an “approximate solution of a given problem. . With ith regard t to te 


presented in the paper grrr will allow one to calculate the en energy ales 
and hydraulic gradient for flow in a rectangular channel of uniform section, 

in which the flow changes from torrential flow (less than critical depth) to 


ordinary turbulent flow than critical depth), ev en if one neglects 
1 perimeter r friction and assumes constant velocity in a given -cross- -section of” 

_ The writer | does _ not agree with the statement made in the first part | of 


| The general criterion for selecting the correct value 1e of d as between these 
a ‘two mathematical possibilities is as follows: The water will flow at such a a 


depth, d, that the lost head, #, between any two sections will be as nearly as 


4 ‘possible equal to the invert drop, I, in that same stretch of channel. Raith — 
Except in the very special case of steady. flow at constant depth i in open 


i with a uniform section, there is absolutely 1 no general relation between 


‘of the energy line 

the intersection of ‘these rade jines may be greater or less” 
. than the slope of the line above that point, _ depending on whether the water 
accelerated on the steeper slope or whether it it is decelerated so that the 

“ah The last sentence of Criterion (3), ¢ ‘suecessive values of (d + h) will be 

¢ as nearly a: as possible equal to each other” , is ambiguous and | would easily lead 
to the erroneous impression that the height of a hydraulic jump is the ioe 


_ference betwe een corresponding depths of vs: d, for the same total ene energ 


made no mention of the and momentum equations. The ‘latter 


are often indispensable in arriving at quantitative values of head losses, for 


_ instance, at sudden enlargements “in section or at a hydraulic jump. | These 
equations follow directly from the. fundamental law of ‘mechanics, 


_ * Proceedings, Am. Soc. C. E., January, 1928, Papers and Discussions, p. 10 
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“Since the mass of water between two a channel is, 


and, assuming steady flow, Q is constant, 
Q = of discharge 
ght of a unit volume of water; 
g = acceleration | of gravity; 
», and v, = velocities at Sections 1 and 2 respectiv ely; and pada : 


Fa the resultant of forces actin ae on Se ctions 1 and 2. . 


ail Finally, if b is the width of the water p1 pri ism at a depth, ; Z, below: the e free sur- 7 


F=w | = dz = — (v, (64) 


Fora rectangular channel of constant. w 
E in (64) (dividing through by w) becomes, 


Q 


da, 


energy loss due to: jump is, s, therefore d,+— 
One would infer from the treatment of the critical section and from Crite- 


thon (4)+ that a critical stage must be found in a given channel before the cal- 

culations of flow referred to by the author can be made. In : any given problem — 

which i is capable « of solution, if the depth of flow, the discharge, and the prop- — 


erties of the channel are known at any point the computations referred to 


ean be carried through for conditions of one- -dimensional flow. It happens 
that, at a critical section, the. lepth of flow is determinable, but the existence 
of a section where the velocity passes through the ‘ ‘critical” i is rather the —_ 
- tional than the usual ease. If the xelocities exceed the critical, that is, if a 
critical section exists, the computer will have need for other tools in addition 
ue The only difficulties in problems of one- -dimensional flow are to find the 


magnitude of the losses. With: the possible exception. of. shock losses at sud 


_ * For data on hydraulic jump phenomena, see, Julian Hinds, M. Am. Soc. C. E., Engi- 
neering News-Record, 1920, v. 85, p. 1034; Boss, “Berechnung der Wasserspiegellage’ 
{Forschungsarbeiten, Heft 284, Vv. D. I. Verlag, Berlin) ; Koch-Carstanjen, 

Wassers” (Springer, Berlin) ; Reports of the Miami Conservancy District; Safranez, “Weehe 
Been: « und die Energievernichtung des Wassers,” . Der Bauingenieur, December 3, 1927. 
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0’BRIEN ON STREAM FLOW IN GENERAL TERMS 


channels, flow wl over been gener so that 
can be used readily. Only elementary mathematical t tools are neces 


: 
“sary in solving problems of one- _dimensional flow. 
By no means, however, may all the problems of flow in open be 
__ considered to be one- “dimensional flow problems even for purposes of engineer- 


ing design. ‘If the | e problem i is one of two or three-dimensional flow the engi- 
“neer will probably avoid the methods of mathematical hydrodynamics i in 


_ solution and rely almost wholly 0 on experimental methods. Model exper iments 


in ‘the hydraulic laboratory should be emphasized as one of the most vectra! 
methods and one generally applicable for studying those problems of hydro 


— dyn amics and stream flow which have thus far defied mathematical analysis. 


Morroven P. Brien,* Jun. Au. Bea. E. (by letter).+—Although at. 
first glance, Mr. Casler’s method of computing non-uniform flow seems to 


quite simple, ‘it is, with its sever al criteria, 1 more complicated to apply than 


the x methods of many other writers who have treated the subject, notably. 
_ Flamant, A. H. Gibson,§ and more recently Tylvad,|| Schonweller,{ Béss,** 


and Lindquist.+: ¢ Of the formulas proposed probably most 
“4 “general is that | of Lindquist for channels of constant cross- -section: : 


ay 


This includes all the n necessary criteria since dy is the depth for normal or 

uniform flow, d, is the critical depth, and f, and ¢ are factors depending on — 
vay 

“- the slope of the energy gradient at uniform flow, and at the flow considered, 

a respectively. The values of f to be used are to be obtained from the formulas: 


for the higher alte nate stage, al 


Asst. Research Engr., ‘Structures Laboratory, Royal Technical Univ., Stock- 


holm, Sweden. 
§ A. H. Gibson, “Hydraulics and Its 


|| K. Tylvad, “Graensvaerdier for Vandets- Hastighed ved Strommende 

_{.G. Schonweller, ‘‘Beregning at med frit Vandspejl,” Ingenioren, ‘January 

i: ** Béss, ‘“Berechnung der Wasserspiegellage,”’ Forschungsarbeiten, Heft 284, V. D. I 

++ Koch and Carstanjen, “Bewegung des Wassers,” Berlin, 


Lindquist ‘‘Anordningar effektiv energiomvandling vid foten ay 
’ Anniversary Vol., Royal Univ., Stockholm, 1927. 
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‘The constants, are to be found in 2 special tables * v 


Ww 
at the two stages ; and that at the lower stage _ the loss is pr sactivally the s same 


even more general formula is that of Freyt tag which ter ms 
“representing the « change i in 1 the bottom width and the s side slope, a 


v1) 


width of the bottom and 
= the elevation of the water surface. 
) 
The neg ative sign is to te evel for accelerated, and the positive sign for 


s (66) and (67). appear to be far more complicated 
given by Mr. Casler, “they are equally simple to since in a 
practical case the ¢ differentials “could | be replaced by finite | increments. They 


Th author indicates a very common error in the use Chezy- 


_Eytelwein equation, namely, that the slope to be used is sagt the slope of 


y taken to be the of the question 
as to whether the same coefficients may be used in computing - it for -non-— 
uniform flow. Biss made a few - experiments on this problem and found 
that for both accelerated a nd decelerated flow, the eociiciont, n, in the Kutter 
was the same, , but his experiments were few in number and were 


made im a very small channel. It would ‘seem hat for an equal mean 

_ velocity in ‘the same channel, the drop in the « energy line v would be greater 

during» than during accelerated flow. In ‘his method of com- 
putation, Koch includes an impact loss for decelerated flow. = 
In most ¢ computations of flow, the velocity head ‘is based on the mean 


- _ velocity without making a correction for the effect of the unequal distribution — 
of velocity. The exact expression for is, 


is cor rrectly 


= 


a * E. Lindquist ‘“‘Anordningar effektiv energiomvandling vid foten av 
“Mar,” Anniversary Vol., Royal Technical Univ., Stockholm, 1927, 


érsik,” Teknisk Tidskrift, 1925. 
 §K. Tylvad, “Graensvaerdier for ‘Vandets ved ‘Str 
| Boss, “Berechnung der Wassersplegellage,” Hef t 284, Vv. D. 
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AM FLOW IN GENERAL TERMS" [Papers. 


A= ee the total area of the cross-section; and 


Un = the mean — 


‘There is some dispute as to the of @ is the for both 


the higher and lower alternate stages of flow. The values g given in Table a, - 
_ found by the graphical method of Rehbock, * indicate, that it is the same 
in channels i in w hich the distribution of velocity is determined by the friction < 
at the walls and not by obstructions. 


TABLE —CoMPARISON OF or Bazin Experiments with THose or NIKURADSE. 


je 


Bazin*, 10.. — 265 7 318 356 


Nikuradset... X 10-8, 0, 25 


a + Nikuradse, ‘‘Untersuchung iiber die Geschwindigkeitsverteilung in turbulenten Strém- 


ungen,”’ Forschun. sarbeiten, , Heft 281,— L, Berlin. 


ts If it is necessary "that a be. included, an average value of 1.15 may be ik 
For the Bazin “experiment (Table 11), an error | of about 6% would have 


occurred in (d+ h), if a had been neglected, but for the Nikuradse experi- 


‘ment, the error would have been inappreciable. fs If the flow is disturbed by. 
sills or other obstructions, may have a value of 2 or even more. 


Although the expression for the critical depth may be obtained directly 
such general formulas as those of Gibson and Freytagt from the con-_ 


dition of a vertical water ‘surface, the usual ‘method is to base it on the 


condition of a maximum discharge for a certain ‘energy content, as was done 


by the author. The total energ y passing any section in unit time is, | 


in which, , the datum for the potential energy is the lowest | point: in the 
‘section considered. Expressing the width of the channel as b=F the 
condition for the critical depth is, 
“i 
| (d) 0 d 


Rehbock, ‘Die der Energielinie bei fliessenden 
mit Hilfe des Ausgleichwertes,’’ Der Bauingenieur, 1922, 


L. Freytag, “Der Wasserabfluss in Flossgassen u. ahnlichen Gerinnen,” Forschungsar- 


tm 
— 0.497 1,161 
— 0.902 | 1.188 
| 
| 
g 
= 
| 
| 
| v 


> = 
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EW SHOWING CRITICAL DEPTH 
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J 
a channel of f rectangular section this gives, 


ft 


in which, p is the constant 0 of the the 
However, this derivation does not be rigorously since it 
assumes the potential kinetic energy are mutually convertible and 


that the water surface remains horizontal in passing a controlling section. 
Considering any transverse section of a stream, the height of the energy Tine 


is a maximum the center; 


, 
“The ‘available energy any ‘distance 


the « energy line to the bottom and not the --vertical: distance to the 


lowest. point in cross -section. Consequently, it would seem that , under 


some conditions, the critical depth might not occur at all points « of a cro 


OA very simple method of -Tepresenting the relation between the height of 
the energy Tine and the quantity” of flow has been developed by Koch. 
‘From the equations for the critical depth and and ‘the flow at any depth, t the | 


he obtained in which it is assumed that the value of (h-+ d) is a 
stant of known: value. n, is ratio, d ®; “max. ond a are 


@ A, Plotting these values along a vertical line between (d+ h) and d=0 gives” 


Be diagram which is very ‘convenient in studying the flow through constricted 


Sections, especially where the change in the area of the stream is very abrupt, ; 


a 


as at bridge piers and broad, submerged weirs. —_ leg 


Koch and Carstanjen, des Wassers,”’ Berlin, 1926 


= 


* 
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| and for a parabolic section, 
al 1 
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=r 


throughout. the section above the of sharp- crested weir ; that the: 


eritical de pth occurs above - the crest. of a weir; and that at a section, y 


beyond an orifice, the thickness of the jet used dy in in Equation 


"Table 12 gives values of the head, depth over the crest, and critical depth 
for the weir shown i in n Fig . 14, which was tested in the Hydraulic Structures 


43 Laboratory of the Royal Technical University at Stockholm, Sweden 


TABLE. 12. —Terst on Weir At ERSITY 


de, in meters, 


0.04 


The ‘critical depth i is seen to than the on over r the 


"nest In Figs. 14 and 15, , the horizontal lines are 5 cm., , and the vertical 


lines are 10 cm., apart. In Fig. 14, H = 0.25 ‘m. ~Qo= 0.249 cu. m. per sec. — 
7 per ‘meter of crest, and dp = 0. 180 m. 7 ‘Fig. 15, in which Q = = 0.080 cu. m. per” 
per meter of crest, shows one of Fa series of experiments on the discharge 

coefficients: of broad- crested dams. The critical depth, which was about 
0.0863. occurs 14 em. from the down-stream end of the crest. An examina- 
tion of other photographs from this series | experiments | that for 
this particular: dam the critical depth occurs at ee the same 
“point for all discharges within the range of the experiments. 


a. If the critical depth is uniquely defined by the discharge, then it is 


permissible to state that the depth over the crest of a weir is a critical depth. 


‘However, this critical depth is not the same as” that used in | open channels 
where the paths of the fluid particles are sensibly parallel. 


There d does not seem ‘to any lack of methods for non- 
ra lack ¢ of sufficient ‘coefficients for computing: 


bores, and_ other ‘phenomena, Since Bazin’s- “experiments there have 
‘some additions to the ay ava ailable information made by American and ee 


‘known. This problem should be carefully studied in a ‘a laboratory by 
of small- scale ‘experiments supplemented by measurements of large-sized 
"streams and canals. . T The establishment of a National hydraulic laboratory, 


= is opposed by - some hydraulic engineers, would provide the - means for 
study of this and hundreds of other similar problems and would help to 


* Proceedings, Am. | Soe. . EB. , January, 1928, Papers and Discussions, p. 120. 
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PAPERS AND DISCUSSIONS" 


This: Society is not for any statement made or opinion expressed 


FOUNDATIONS AND ‘DRAINAGE OF HIGHWAYS. 


ht Discussion* 


By Tens AGHI AND D. P. 


TE ERZAGHI, + M. A Am. Soo. & “(by letter). ).¢—In the history of 
| every applied science it is possible to ‘distinguish three successive stages. In 


> first stage, due to limited d experience, t the ultimate solution of the problems | 
‘involved seems to be within ¢ easy reach and | attainable w ithin a f few 7 years. qn 
second, a broader knowledge of the empir ical facts is acquired and the 
unsuspected complexity of ‘the phenomena almost completely ‘destroys one’s 
confidence as to the possibility of discovering anything “resembling simple 
‘relations « or “fairly valid laws. In the third stage, a separation is achieved 


4 between essential and unessential facts; and, instead of universally valid laws > 


“of Nature, modest rules are established with a small but well-known range of 


Mr. Rose’s ‘stimulating paper essentially pony with the first stage of the 


su b-grade science, in which } he has played the part ofa pioneer. — At present, 


this science is passing through the worst section of the second stage, and it 
may be interesting to review briefly the extent to which views have pO mere 
during the seven years which have passed since Mr. Rose made his valuable 
field studies in the Pacific Northwe est. It usually ‘requires | outsiders to discover 
shortcomings in new methods of reasoning, , and the outsiders were, in this 
‘case, the Russian road engineers, backed by a long and brilliant tradition in 
>. science. | In 1924, a few y years after Mr. Rose made his investigations, the 
Russians started to o organize their own sub- “grade service (Highway Research | 


Buren of the Central Department of Local, ‘Transport of the People’s Com- 


‘Inissariat of Ways and Communications), and tried, as a matter of course, to 
avail themselves of everything that others had done in this field, particularly | 


the American They recognized at once tl the point of past 


| 


properties of the soil as a a They “oe from | experience that the same soil 


Discusion of the paper by C.. Rose, Assoc. M. Am Soc. C. E., from 


“i } Associate Prof., Foundation Eng., Mass. Inst. Tech., Cambridge, Mas 
es + Received oy the Secretary, April 1 
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may very differently, « depending on the geological, eli- 
matic, and topographical conditions. They knew that no soil survey can serv re 
its its purpose unless it includes a general study « of the locality, the data con- 


cerning the soil proper, ‘such as mechanical eaaine and that soil constants 

repr esented merely a part of what is needed. 


Ing general “reconnaissance work, the Russian engineers proceed from the 
essential to less and, according to their technique, the 


- quality of the raw material of the soil ranks among the less essential ones . In 


brief, they summarily rejected what I Mr. Rose presents in his paper as Point 


To of his ‘ “Summary” "» protesting against what they called the conception of the 
to be “a chance association of pulverized matter”. This attitude may be 


somewhat exag’ gerated ; yet, it contains a great deal of American 


neers have learned that during the last few years. Data such as those presented 
n Table 2+ certainly looked promising at the time when they were obtained; 
yet, the table i is followed by the statement that ° “the exceptions to the rule [that 
linear sh ‘inkage of the soil be the critical test for. sub- -grade quality] hay 


“previous 


tibly but irresistibly —the “center of gravity” ¢ of attention shifted from the rules — 


toward the exceptions. ‘There are obviously many more. factors which influence 
the: behavior of the road than one could possibly suspect seven years ago, and 


these are by no means as easily reached as is, for instance, the linear shrinkage. 


To give a few examples: F The | reports published during the first stage ot the 
sub- grade science simply « distinguished between good, doubtful, and poor 
- grades, and the ae | were delighted to be offered such a clean-cut distine- 


tion. _ However, a more sophisticated generation started to inquire what the 
“ter ms, “good, doubtful, and | poor”, really mean. The answer to. this 


“4d was found to be rather perplexing because experi ience has shown that the same 


i soil, from: the road engineers’ point of view, may be very good or very bad, 


depending on whether it is encountered i in a cut or ina fill. In other localities, 


the order is reversed inasmuch as the transportation of the soil from the cut 
into the fill decidedly i improves ‘its quality. Some of the worst frost ‘troubles 
on New Hampshire roads “were encountered on soils that should have val 
cellent considering that their linear shrinkage was less thanl. 
Another factor, which 1 w as not yet considered in the earlier days, was “ 
‘soil profile. merely dealt with ‘the older conceptions according to 
which the road engineer was satisfied to investigate the nature of the material © 


‘serving immediately as a foundation ; ‘that i is, the ‘sub- grade. ‘Tt is what 


could eall a two-dimensional conception of the problem. | However, within the 
last few years, more and ‘more attention has been paid to. the fact that every 


namely, 


natural superficial soil deposit consists of three superimposed layers, 
A; B, and horizon (top- soil, subsoil, and parent material), with very 
via different properties, and that the behavior of the road does ‘not merely depend a 


on on n the quality of the sub-er grade proper, , but also to a large extent on both the 


‘ 


* Proceedings, Am. Soc. January, 1928, ‘Papers and Discussions, p. 


aspe 
infli 


witl 


shri 
Her 


“corr 


9 Pape 
\ the 
binit 
\ duty 
not 
prob 
— “done 
for 
only 
but 
and 
in 
ire 
1 then 
‘the 
— 
unk 
— 
for) 
= 
A - belic 
-Geo- 
for 
4 com 
— 
— 
a 
ab 
mea 
soil 
Ros 
| ‘mol 
edg 
At 
Bitsy 
™ 
7 


| 


| — 


Papers.) TERZAGHI ON FOUNDATIONS AND DRAINAGE OF ‘HIGHW 
Sate 


thickness the | properties s of the layers located 4 As a consequence, 


the U. S. Bureau of Public Roads adopted, quite recently, the pra practice xe of com- 
bining the work of the survey party with the work of a soil scientist whose. sole ; 
duty consists in exploring the soil profile and obtaining | other which are 
not disclosed by the laboratory test. This new ‘policy v Ww as the inevitable 0 


come of the growing insight into the complex character of the sub- grade 

problem, and it is ‘practically identical Ww ith what ‘Russian “engineers. have 


done since 1925. . The new policy requires the development | of novel methods 
‘for expressing the r results of field observations on road m maps which show, not 


only the « character of the narrow strip of land to be occupied by the road, 


also the adjoining belt, together with its hydro-geological characteristics, 


2 and the stratification of the soil came the surface down to the parent material. . 


rv _ Similar imperceptible, but nevertheless quite revolutionary, changes took 


place within the last few years in the engineer's ’s attitude toward 1 ‘the soil tests 


‘ themselves—a change which is hinted at in the last part. of the p: paper. When 


the first soil tests were completed, many years ago, each test represented a kind ~ 


of a patent medicine, its causative relations to the others being practically 


unknown. Tt was believed that a single test or two. was sufficient to express, 


for practical purposes, the character of the sub- grade, The effects of a similar 
belief depreciated the value of the | otherwise excellent Ww work of the Sw edish 


Geo-Technical Commission performed in 1914- 23. . Since then, how ever, engi- 


“neers have learned that ‘the situation is by no means | so ‘simple. Soils 


for instance, have the field moisture equivalent and. ‘the linear shrinkage in 


common may be very different i in all their other aspects; and these other 
aspects may have. on the quality of t the sub-grade an equal or more important: : 
influence than | the linear shrinkage. This behavior i is particularly conspicuous 


ray 
with ‘soils that ‘represent a very poor sub- grade. in spite of their low linear 


4 


| shrinkage, as, for instance, many of the soils in Northern New England. 


Hen nce, the efforts of investigators gradually turned from the original goal of a 
"correlating the results of one single soil test with - the behavior of the roads to 
broad investigation of the of the soils—of their 
- tests. “Thus, not more ethene a 1 few y: years ago, it was 1s still believed that the 
Rose test expressed essentially the same properties as. does” the omnis 

; ‘moisture equivalent. A more careful analysis of the tests, backed by a knowl- 
edge of the underlying physical facts, disclosed that the enn tests have “a 

little in common, in a physical sense. _ Attempts were made to establish a 
mathematiedl r relation between the s silt content and the moisture equivalent. 

| At present, engineers know the reason _ why there cannot p possibly exist any- 
thing but a very crude statistical relation between these two quantities, valid 


merely the average of a great number of ‘different test but 

The first results of these broader investigations, recently published, 


Teflect, « clearly, the utter complexity of the situation. They disclose the | 
“ 
Wi 


Present Status of Subgrade Soil Testing,” by ‘Messrs. ee eaten 
Public Roads, Vol. No. 1 March, 1928. 
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decide which and how many ‘soil tests. will be required for ‘identifying soil 
reliably 2 and at a minimum amount of time and labor. od? 


ree, ms These supplementary statements by no means curtail the merits of ‘this 


‘paper. a it undoubtedly has a lasting value ai as a lucid presentation — of the 


early” tentative efforts: to solve the sub-t grade problem, and of the opinions 
_ which served as s guides. | The test that bears Mr. Rose’s name still ranks to- day 


among the simplified s soil tests that deser ve serious consideration. HY 


D. Krynine,* C. E. Oe letter). 4—The writer’ s intention is 


to treat only t three specific details in Mr. Rose’s 
te First —He believes that the distortion of the soil is not only - vertical, but 
also” horizontal. Inasmuch as the greatest part of the horizontal forces are 


“counterbalanced, the visible influence of a bad sub- grade is aie but not 
ar always, equivalent to the action of of g great negative vertical forces “only, such 


Second. —The author s statest that field 1 moisture equivalent is indicative of 
> “the shrinkage value, which i in turn is important for determining the value of 
> 4 the soil. content of clay ‘mechanical analysis, according to the author, 
- may be considered equal to the field moisture equiv: 
the sand particles in as soil are separated from the clay 
* “content is is determined, : there is a criterion 1 for judgment | of 1 the quality of the 
- soil as sub- grade. In reality, this is not ‘so. The mechanical analysis and 
the application of ‘soil maps in connection with Feret’s tri-axial diagram seem 
to be insufficient for the purpose. 
‘Third—The author -cites§ the example of 2-in. Warrenite wearing eur 
face ona 2-in. new stone course over a 6-in. old macadam road. | ‘He states that 
this surface “was not heavy enough to withstand the traffic under the existing 
soil conditions and the imadequate surface drainage and sub- -drain- 
= _ The old macadam had naturally worked i in the same conditions of sub- es 
grade and drainage. _ Therefore, there may be two basic cases: @ before the 
wil hence ‘the deterioration of the WwW arrenite is ; not due to the bad sub- oat 
— (b) before the construction of the Warrenite the old macadam had also suf- 
fered from the sub-grade distortion, in which case the question arises as to 
the new Warrenite surface has been constructed over a base that was 
known » to be in bad -eondition; naturally, there may | be a third case (c) in 
ig which the traffic on the War arrenite has become greater than it had been on the 
om macadam, If this is so, one ‘may be led to the conclusion that a bad sub- 
grade can be tolerated unless the traffic attains a certain - volume; and this cir- 


 * Prof. of Highway Eng., Moscow Superior Technical School, and > Moscow ‘Inst. of 
Transportation Eng., Moscow, Union of the Socialistic Soviet Republics. 
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DESIGN AND ‘CONSTRUCTION or 


at vil Discussion* 


ae By D. P. M. Aw. Soc. C. 
KRvNINE + M Am. Soc. C. E. (by letter). may be - 


designed by one of two wo methods: First, by making more or less logical assump- 
tions as to the eonditions; and, second, by actually attempting to. determine 
the conditions under which the slab will act. In the first case, the assumptions ce 


a1 are conditional ; that i is, they are true of a given loading that acts: under 


given conditions. Generally speaking, the results thus obtained do not reflect 
the actual conditions. a They are conservative and more or less suitable for 
"practical purposes. In the second case, the conditions that may be expected 


a a specific, slab are investigated and the stresses that may be expected i in that 
The work of 


be Westergaard, M, Am. Soc. 0. E, mentioned by | the author$ seems to be 

an enormous step beyond the first method and toward the second ; ; but the 

‘The coefficient, k, which i is: assumed to be be proportional to te deflection of 


slab, does not actually pos possess such a proportionality. The same may be i 
7 Said of the coefficient applied in the design of railway track, which has been 
% ‘used by Zimmermann 1, Winkler, and many other theoretical investigators of 
railway ay track. 7. If & were proportional to the deflection, the soil on which the — 
‘dab is constructed, would follow Hooke’s law, which is not the case. As Et 
-eertain : approximation, naturally, k may be admitted to be propor . 
‘al 


deflection of the slab; but it must be kept in mind that this’ assumption may 
- become : a source of certain errors. _ These errors may be either insignificant or 
rather g great, but their degree of immportance is ignored i in every ease. 


____ ® Discussion of the paper by Clifford Older, M. Am. Soc. C. E., continued from ca 
«+ tProt.of Highway Eng., Moscow Superior Technical School and Moscow Inst. of on 
Eng., Moscow, Union of the Socialistic ‘Soviet Republics. 
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KRYNINE ON CONSTRUCTION OF CONCRETE PAVEMENTS (Papers. 

aha This coefficient depends on the changing state of the sub-grade; therefore, 
"experimental method of ‘determining it, , recommended by Professor 
‘Westergaard, is not exempt from the - possibility of e error. Mr. Older takes this 
———— into account. He i is s completely right i in stating* that ‘ “the e deflec- 
tion of a corner or edge under load at night eed be several times as great as 
. under the same load applied during the day”; and, further, that “research 
_ directed toward the determination of dhective values of & under various con- 
The author proposes to record the depression of small, eainiie constructed 
‘slabs under loads.t | The writer believes that it is first advisable to make a pre- 
: liminary study of the influence of different dimensions on slabs with the same 
load and bearing area. The investigations of —Terzaghi, Goldbeck, Bijls, von 
_ Emperger, and others, show that such influence exists | in the case of a slab that J 

a is uniformly loaded. The value of & must depend on ‘the sp spacing of trans- 


= — joints in a highway slab. _ If this value, k, is determined i in the case of 


a certain slab constructed on a given soil, the result will probably differ from 
that obtained in the case of a smaller or a larger slab_ on the same soil, the 


thickness of the slab i in both cases being equal, 


‘The author « assumes that the loaded area is s circular. In reality ‘it As more 
ee less elliptical. Dr. R. Schenck gives five ty] pes of tire impressions on the 


na of the road. .{ If the length of the i impression parallel to the axis of 


the highway i is 2 €, and its width, 2 2y, th the ratio, —) is ab ana t 3. His findings are 


TABLE 4.—Srresses Siass Accorpine TO 


(Changed from metric units approximately.) 


Tires. 7 impression, in | im pounds per 

High-pressure.......... 


we If the total wheel load, P, equals 10 000 Ib., and the radii, a, of the circles 
cover which the wheel load i is assumed to be uniformly distributed, equals 61 in. 
at the corners and 8 in. at the edge, the areas of the circles would be 113 sq. 


nd 201 sq. in., respectively, and the ) pressures on 1 1 sq. in. would be §& 89 and 


an 


‘This is the ease for pneumatic tires, 


Proceedings, Ain. Soc. C. E., January, 1928, Papers and Discussions, p. 152. 
“Die Kraftwagenstrasse,” Charlottenburs, Germany, 1925, 29. * 
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"specific. pressure of the ‘solid tires: seems to be from 1.75 to 2.1 times more 


in the center of the i impression n than ¢ on its contour. + _ Assuming it to be twice 


‘as much in the center as it is on the contour, then for the solid tires given in 


s0r 
oy Table 4, the specific pressure in the center of the tire must be 191 XK 2 = 382 


2 Since the action of the wheel load is not static but dynamic (assuming the a 
impact coefficient as 2), the - Specific pressure in the middle of a solid rubber 


on- tire would attain the enormous figure of 382 X 2 = 784 Ib. per sq. in., er 


«er would seem that the slab, under the action of such pressures as 784 hb 


sq. in, must break into pieces; in reality, it does not. The writer 


x reason is that ‘the method proposed by Professor ‘Westergaard does 
result i in determining the actual s stresses, It is only a step—an enormous step 


 jelieal sonnel discovering the real stresses; that i is, his method i is conditional. 
Therefore, the writer thinks ‘that until Professor Westergaard publishes the 


results | of f further investigations it slieae early to put this theoretical knowl- 


~ All branches of civil engineering connected with soils and soil mechanics 
(ond slab design i is among them) are now passing through a period similar to 
that passed through by chemistry when replacing alchemy. New scientific 
methods and new ideas were then introduced into science in a short lapse of a 


time. The same occurs now in the science of engineering foundations, o 


which new } principles have been introduced in the last 3 years 's, principally by 


Charles Terzaghi, M. Am. Soc. ©. E. . New principles of soil mechanics must © 
be more extensively used i in all a allied branches of Civil Engineering and among 


others, i in the design of highway slabs. The writer wishes to emphasize. that 
the work of Professor Westergaard and Me. ‘Older is an enormous step forward, ” 


but that further advances must be made. 
The development « ofa “new engineering s soil science 2 is not yet complete. 
The civil engineer in ‘practice prefers to use the mathematical method; but — 
this method i is not unique in the foundation and highway engineer’ s profession. 
Certainly, applied mechanics, hydraulics, a ind other fundamental technical — 
Sciences are based on mathematics. However, it is possible to apply other 
scientific methods which until now, have t been unknown, The ancient Romans, 
without knowi ing differential and integral ‘calculus, many build-_ 
“ings ‘that have lasted to the present time. urthermore, as Professor Terzaghi 


States, in medicine there are methods which, without being m mathematical, are 


‘ fe at the same time scientific. * The writer does ‘not mean to say say that a apne 
circles engineer must apply medical ‘methods, but — indicates the possibility of 
sie = applying other methods than mathematical ones. Even in applying mathe- 
on matical metho ds, foundation and highwa ay y engineers” have 1 not progressed far 
nil enough ; or at least not as far as it is possible to go. 4 | For i instance, highw ay 


slabs are designed with the assumption that the loads are static. Assume that 


ver the the load is P, and the impact coefficient, m, so that the | acting value of aoa un 
ver 
the p. 22; Neumann, “Der neuzeitliche Strassenbau,” Berlin, 1927, p. 36 ; and * 


the Methods and Possibilities of Road Soil Investigations,” by Charles Terzaghi, 
Proceedings, Sixth ‘Meeting of Research Board, 1926.00 
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r & applied force is m P.- Then, s suppose that under the static action of the hier, 
mP,a deflection, ; y (= Yo)s is produced . The e deformation takes | Lamu during 
a certain period of time, so that y is a function of t. 
curve, y an f Its shape 1 is of no importance. Suppose that, for 
‘the deflection, Yor the = ny is necessary. - If the dynamic load, m P acts 


and the deflection during this time 


inertia, and the | sty a certain y's. . Ine any case, 


in other words, the action of the moving load, m P, is requal to the static action 

of a oad, nP, in which, n<m Naturally, the stresses in n the ‘correspond 
also to the static action of the load, n P.. 

_ coefficients : m, which is the impact coefficient of external pein and = te 


impact coefficient a of stresses. Similar ideas have been in modern 


s= 


P 


Fig. Fig. 5.—PLan or Hicuwar SLAB, 


_ The writer thinks that in the matter of hadeiien slabs, not only the statics, 


- the dynamics of deformations must be taken into account. Fig. 5 repre- 


ep eaetay a slab limited by two wo transverse joints, b-b and ¢ -c. If the load, mP, 
is moving from the joint, _ b- b, to the joint, c- Cy in the direction indicated by 


the arrow, the tr ansverse section, a- a, receives a part of the effect produced by 


it, in amounts vs arying with the position of the moving load (m P, m P,, ete): 


x deflection is produced in the section, a-a, which reaches its maximum v4 value 


_ when the load passes directly over ' the section. In this ‘manner, an accumu: 


lation of deflections oceurs at any section during a certain time and this, also, 


ie th the last ten or fifteen years, highway. engineers have become accustom develo 
i to ‘dealing with colloidal matter in soils; that is, w ith very | small particles Coa 
in space. Perhaps, in the matter of designing highway they will some: 


_ times be obliged to deal Ww with very small intervals of time. The writer thinks 


been partly effected i in Germany. It is to engi 


neers with their wonderful facilities for investigation will not leave the slab 


pr 


"dynamics without study, and that new works on the subject will soon appear. 


-* See the works of the Russian Professor N. S. Streletzky, and oonenat German bridge 


ations of Technical School of 
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 * This Society is not responsible for any stateme 
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ROLE | OF H CIV TL 
P Ow DE \ ELOPMEN 


Discussion* 


A Sargenr,t Assoc. M. Am. Soc. hy w riter 
pleased to o note that in his reference to the text for his ‘ ‘sermon”, Mr. McCon- 
nell concurs§ with the belief of other wise men in assuming "that, ' “will he, = 


nil he”, the civil « engineer is perforce more or less of a missionary— although _ 
perhaps he sometimes (by force of circumstances) becomes a somewhat pro- 


fane serv ant of The Lord. The w riter has known some few such missionaries 


who j in _ times of epidemic or pestilence following famine and war, have quali- 


fied, also, as medical 1 missionaries, rendering first aid to the afflicted and 


to the severely wounded : and the 


= rode on the aes of ia war. . In these réles, the civil engineer, Ke Ho or 


non-profane, hi has often 1 played worthy parts, and some of these parts hav 


times been staged i in remote zones—and in the dev elopment of power eat te, 
The e economic conditions and industrial requirements of any any given country 
must influence the outlook | and points of view, not only of the engineer, but 
also. of the constructive financiers who back hens and his wo work with the ‘ “hard 7 
cash” ‘necessary ary to carry on. . Without this backing, most engineers 


learned that no réle worthy the ean be played in modern power 


the il engineer, as well as mechanical » electrical, architectural, 
and ‘what- not” engineer, ‘is 


and -away countries” "are projects that failed, 
this. role e was either not played, or not successfully played. Bd; 


: *Dincussten of the paper by I. W. McConnell, M. Am. Soc. C. E., continued from March, . 
Proceedings. 
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1918 SARGENT ON CIVIL ENGINEER AND POW ER 2 DEVELOPMENT awe 


In ses, examinations of surveys, s, selections and ‘set- estimates: 
‘and n 
engineers in of vast Ww have 
ht and dormant, not because of the lack of the potential and undeveloped F 
an wealth, but because of the failure to o judge the right time- period when -con- 
_ structively minded financiers believe the day has arrived to warrant t them to ind 
dare to risk their money. _ Although | all life Is a bit of a gamble, the “many and 
starts and shut-downs of } power projects rich but backward \ w wilderness 
‘countries point the salient truth t that , unless: he wishes to waste time, ina 
the engineer must play the of a wise judge before he attempts to 
‘initiate a a modern power project. He must be sure that he is addressing | 
receptive-minded and financially capable backers, no matter | how valuable 
may bet the results of his inv estigations at original s sources f for pow er. Further and 
- more, he must be ‘reasonably s sure that the time is ripe for investing g capital in The 
project, or “ his cake” — although mixec “so few 


experience of 
a reconnaissance, he innin ‘about 1906, a French engineer 


of some > little international ‘fame (who may be called De Couvrier, because > 


that > was s not his ; name) had initiated such a reconnaissance, preliminary sur-_ 
_veys, - estimates, designs, plus fa far- reaching and ‘seemingly practical inv estiga- 


es After learning from the natives of the cou country, who lived near r the va various” 


dam sites, that De Couvrier had spent several years in that region, the writer 


searched for a few weeks and finally discov ered several reports. ‘De Couvrier, 


~ s0 his several reports ; show ed, had spent a large part of his time between 1906 
1914, making set-up after set- of his project. His ‘exceedingly 
a painstaking search for accurate data at original | sources, showed that during 
i? this period this man had gone to the most extreme pains in a jungle country, ; 
had cheerfully undergone years of hardships, and had made permanent | friends 
_ with the ‘ ‘indignes” _ who still remembered him in ¢ a land where the heavy 

i. an torrential rains of the terrific ra rainy season wash out the memories of many 
7 deaths In fine, most memories are short- lived in a jungle country, and it is 


a u e of no mean worth that the natives remembered this French engineer 


De Couvrier had discovered that, emanating from the subterranean drain 

. of three world- -renowned mountains that are covered by perpetual snow, 

a continuous” source for hydro- -electri power development had existed for 

centuries, and within easy and practical 1 limits for to a large 

neighboring city where power was badly needed. eal ‘galy 

ay Came the great war. De Couvrier had not yet been able to finance and 

build his power project. “ He went to France and sometime e during the war, 

he “went west. ” The writer was unable to learn in what service 0 or W here 

1. and when he had died; but was told “he died in service’ De Couvrier was 
the kind who would do just that. 


This little it is beliew ed, contains the of both tragedy and 
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effort: to out an obvious r moral. ‘The resultant facts are enough 


| Whi hile De Couvrier (so t the —s showed), from 1906 to 1914, was toiling | 


assiduously with inadequate financial backing, a as with the labors of Hercules, 


ail to turn his visioned ‘ ‘may ‘be into a shall | be”, to furnish commercial and 
to F industrial power to a growing and fast modernizing city of less than 1000 000 
Ly and more than 500000 souls—other engineers, b 3, backed with | “financial- -power- 
upon-the-hour”’, ‘were reconnoitering and finding other potential water p powers, 
1€, @ in another part of the same zone and also within practical | transmission dis- 

tance of the city, 
ng a The entire possible zone was not fully reconnoitered during the pre-war 
ble period. _Before De Couvrier could find the eanagrente “hard cash” to 7 
ing 
er and build upon his ideas, the others “got there first” 


“which they first installed and transmitted to the city cost more , than De Cou-_ 
rier” plan would have, and although the project : as built, when to 


t 


twenty years ‘alka thie F wn an got his “big idea” came another 


man who sensed { that within this power zone, something valuable was going” . 
to waste—just as De -Couvrier sensed the same thing from 1906 to 1914. 
In order to avoid naling needlessly personal, let this man be known as “Mr. 
Ruaney” ‘and say that he came from Philadelphia in the role of a tea mer-— : 
chant. His name is not Ruaney a and he does n. not hail from Philadelphia, 
although the scene of the play was less than “10000 miles away from China”. 


After looking” over the zone, conferring with certain of his. friends 


<- 


riter 


wring associates, Mr. ordered a a reconnaissance made of the same 
Tore he 

jends 


interested in the organization “got there first with the most dollars” 


it 18 had builded the first power units (this organization is now serv ing the grow- 
rineer ing city with: high- priced power) advised Mr. Ruaney that he was wasting his 
a time and money. _ Mr. Ruaney being free born and possessing a mind of © 

drain- his: ‘own, persisted in his inve vestigations. It turned out later that not one of 
snow, the men who had advised Mr. Ruaney that he was wasting his time and feat a 
ad for had ev er been 1 near De ( Couvrier’s power site; but t they had taken the advice ‘7 
—jarge of others, _ These others, also, had not visited the - project at the original sources 
“where De had toiled eight years in vain. 


ne and 


— The results of the secondary investigations | instigated by Mr. Ruaney showed _ 


war, that, in so far as physical conditions and potential “supply, of power is 
where cerned, De Couvrier (making allowance for changes in pre- ‘war - labor and 


plant installation costs), had been conservative to a degree. More potential 


power than De Couv rier r estimated is is av vailable and, even 1 now, at a — 


in abeys ance. 


ny question. arises: Did De Couvrier fall or did others who 


there first and with | the 3 ‘most dollars succeed Point your own moral. © 


3 | 
n § 
d 
d 1 
4 
try 
of > 
eer ~ were built served the city. The local “sabios” (sages) were louc — 
mall Nearly 
iga- 
rier, 
1906 
nely 
{ 
| 
4 
We 
ly and q 
e trite ¥ 


— | 
- 
q 
— | = 
GE 

who 
tot 
— buil 
ig 
uni 
wor 

wit 

— 
| 
ace 
lik 
— 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


“INSTITUTED 


PAPERS 


This Society | is n¢ net -_responsibl e for any statement ‘made or opinion 


in its publications. 


“CONTRAC TR:z \CT ST EM V ER RSUS SEG RE 


Discus 


Srarrett, Roperr ‘Ttipeway, Bakenuvs, 
2B 
AND w T. Bat ALLARD. 
xu. Soc, 0. This paper addresses ‘itself t to ‘the 


‘Wee Saeed field a contracting, and ‘comment, herewith given, , refers only 


to that highly specialized branch generally known as large, metropolitan | office — 
buildings. W here st such | structures are under consideration, it thas been the 


speaker’s experience that the divided contract is most detrimental, and the 
“mifed, all- embracing | contract is the only practical solution for the type | of | 


- It is true that certain architects, particularly those in 1 the ‘West, carry on, 

with considerable the function of the general | contractor; in 

doing s so, they are, in effect, contractors and are organized as a general con 


tractor is The risks to the ow ner. may ‘or may not be pointed out 
to him, but the responsibility must be obvious, and he ev idently calculates Ae 
Contrary to popular belief, contracting includes very little “engineering 
work. If it were an engineer ring problem at all, it ‘would be called business: 
“engineering, but the only r point of contact between the two is that a knowledge | 


of engineering i is of value to a contractor but is in no wise essential, and itis ~~ 
“Tkewise. measurably that wide experience ‘in engineering in 1 no 
— in considering the practical problems with which the contractor aS 
ion uecessful contracting is base on wi ee xperience and it isa most 


complex procedure i ein the : field of tall, metropolitan buildings. As Mr. Chtistic 


has stated, the activity is almost. wholly a and co- -ordinating 


_ * Discussion of the paper by Ward P. Christie, Assoc. M. Am. Soc. C. . E. Bi 


1928, and Discussions, 
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1 RIDGWAY ON GENERAL VERSUS SEGREGATED CONTRACTS 
it also demands a going organization that is accustomed to 
‘* teaming” together, that. understands the p policies and precedents involved in 
the decisions and — _ activities of the principals of the contracting company. 
The custom of the trade has a bearing. Contracting has grown up around 
_ sub- -contracting, a and it is beside the point to aver that it “were better if this 


were not sO. The whole trend of the industry is that the sub- contractor looks 
4 


to ) the c contractor for his contracts, his payment, his protection ‘against injus- 
tice, most particularly, the | skill of management will enable him 


experience of the principal contractor. With one principal contractor a 
- given sub-contract may be regarded as a hazard ‘and risk, whereas exactly 


same specified ork may be considered without. hazard the general 
"contract is handled by and more favorably considered general 
ceontractor, 
spite of all the care that i is given -predetermination and pre- ‘planning, 


modern buildings: are changeable and changing, even while under construction. 
The contracting | system that | gives this change the greatest . elasticity without. 

exposing the owner to ) disadvantageous claims ‘is the best one. It is to. be 


borne in mind that the desire for change almost universally ar arises out t of ‘the : 
“needs of the owner, seldom ¢ out of the needs of the sub- contractor. An ‘owner: 


represented by an architect on highly subdivided contract is” at a 
advantage when this situation arises. On the other hand, | a sub- contractor 


depending on th the general contractor with whom he may be doing business 
in and year out, considers the question of changes and ‘substitutions: 


more equitably. ‘Sub- contractors naturally look with suspicion on owners 
who have never built before and will possibly. never ‘build | again. _ They fear 


t if they : are- ‘thrown into direct contact, such owners may prove to be 
cithe er capricious or arbitrary in their dealings. hy Generally, owners | have 


stan nding with the ‘sub-< contractors in their dealings and properly may b be 


- Whatever is stated herein refers especially to private contracting. Tt is 


ooze, that the Government civil agencies may not have tk the elasticity to 
deal with building problems that a ‘private owner has. It may be expedient, 


apart from the mere practical « question n involved, for a Government to adopt 
— 


However, there seems no real justification | for the separation of contracts” 
large, structures: are: concerned where the ‘fee 
bu t 

many-fold by the economies of service and administration that contri ute 


Roperr Riveway, * Pagr-Preswent, Am. Soc. C. E.—The speaker is an engi- 


‘neer | and not a general contractor. Chief Engineer of the Board 
—= the City of New York, he has to do with the construction 0 


- = Chf. Enegr., Board of Transportation, City of New York, New York, N. Y. <*> 
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RIDGWAY ON GENERAL VERSUS SEG SEGREGATED conrRacts 
rapid transit subways. The contracts may be 
as examples of general contracts. _ The large construction contracts include 
all the items of work that make up the complete structure such as excavation, 
concrete, water-] proofing, , and steel. ‘They are let to the lowest bidder who 
ean qualify, and he is made responsible for all the work to be done under the 
eontract. He As the general contractor. The construction contracts do |; not 
include track, station finish, or equipment, which call for work of one 


character, which work is done under separate ¢ contracts. 


The subw ay work is generally divided into units of from to in 


Jength, and of a value of from $4000 000 to $8 000 000. Iti is believed by the 
Board of Transportation | that contracts of this size are e the - ‘most advantageous © 


because the are | large enou h te to attract res nsible concerns and not too large. y 


to restrict | competition. — There are exceptions to this rule where the condi- 
tions require | it. For ennai. the under-river tunnels are let in units that 
sometimes cost from $10 000 000 | to $15 000 000, or more. — The largest single 
contract let to date is the tunnel under the East River | at Fulton Street. 
‘Including ‘its | land connections, the bid price is approximately $29 000 000. adh 


we It does not seem | praeticable to segregate th these contracts; that is, to make 
‘separate : contracts for the e excavation, concrete, ‘steel, and ale items. If that 
were done the engineer would have to be the general superintendent in lieu 

of a general contractor, and ‘there would be : all sorts of interference between 
contractors, with resulting confusion, delay, and claims. - Since they ar are pub-— 
Tie contracts, the Board of Transportation cannot follow the practice, common _ 
in private work, of choosing a number of qualified contractors rs and limiting . — 
the bidding to them . work is open to genera ral competition n which means 
that the best qualified contractor is not the low bidder, although 
Board has, been very fortunate in getting contractors of the character that 

it has. The Board has laid down the ru ule that the successful bidder’ must 
show liquid assets” available for the job to the amount of 10% _ of his bid. This | 

is to insure the work will be carried on without the delay that always 
“results from a lack of sufficient capital. The - rule is a good one, and has the bs. 
effect of eliminating those who are not financially able to carry the t burden | a 
“of the work . On only a a few w occasions, , have contracts been. awarded to other pre 
- the low bidder, and then only because the low bidder | did not qualify. 7 Bere 


public contract is rigid instrument: and after it is ; entered into cannot 


7 


4. modified without an enormous amount of effort. Having this i in mind the 
unit price form has been adopted for the s ‘subway contracts because that form 
“provides flexibility and is believed to be fairer to both ‘sides. 


tract is a complicated | one at the best. _ Not only” must it take care of ‘the 


i building of the structure, but also of the underpinning of ‘adjacent buildings 
and the restoration or reconstruction of all sub-surface utilities that 
under the bu 
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pated, oa the quantities of the | ether items may be increased or diminished. 


This means that the contractor should balance his bid so as to provide for 
a contingencies. It is believed that the lump-sum form of contract would 


- be as fair because of the uncer tainties. 
Perhaps | the e speaker. has “strayed rather far. away from the subject of this 


_ excellent paper, but he wants to point out | that ¢ on the Board of Transportation 


work the construction contracts are general contracts. a the segregated ty pe 

- of contract were used the engineer would have to act as the general superin- 
— or the general contractor, and, generally, he is not trained along those 


‘ 4 lines. Its seems better to continue with the system now in use and have the 


AKENHUS GENE RAL v NERAL VERSU 8 SE GREGA" TED CONTRACTS 


trained contractor do the work instead of ‘the « engineers doing | it by day’s labor 


_ There are times, however, when one wonders whether a trial of another 
would not be warranted as, s, for example, when | a technical contractor 
Bes to Court and wins a large sum of money, not on equity, but because a 
comma is misplaced in the contract. That money might have been saved 1 if On 


ee work had been done by day’ s labor under the direction of the 


On the v how the contract system 


RE  M. Am. Soc. speaker's experience been 
¥ entirely i in the State and Government “re and, since 1901, with the Corps 


4 of Civil Engineers of the Navy, largely in connection w ith the | construction 

of the Bureau of Yards and Docks. it has covered all phases of con- 

° - tract work from the ‘standpoint of the owner and the engineer; the owner in 

Mee case being the Federal Government. It has also: been the speaker’s good 

fortune to have had much experience in connection with the construction of 

| 
public works by direct employ: ment of labor and by the ‘method of individual 


contract, thus placing the officer in charge in the position of the general con- 


It has been, therefore, % very interesting to note the author’s views in n regard 


to general contracts. ‘ ‘There is no question that the building business i in gen- 


eral could not get lida’ without the general contractor; he i is a very necessary 


eS — With any giv en project” to be ‘undertaken it seems necessary to make an 


individual analysis of the situation. _ There are a number of cases in which 


3 general contract does not meet the situation best; perhaps they are re only a 


few, a small minority of cases. One or two examples, of opposite extremes in in 


regard to size, occur to the speaker. One, of course, is the Panama Canal, 
in which case 2 the letting of the wo rk by contract was very thor roughly 


4 ith day “The 
enlargement. ‘The appropriation we as So small that ‘the work could not 


. i been accomplished had all the items been lumped under a general con- 


tract. - therefore became necessary ‘to make a number of contracts ‘which 


dovetailed into one another and included in individual ‘items 


Cc. E. C., U. S. N 
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BAKENHUS ON GENERAL ERSU Us CONTRACT 


as the following: Foundations for for boilers; 

 peilen er settings; (4) purehase ¢ of electric generators; (5) purchase and ¢ erection 
4 of engines as a separate contract, but including the forcing of the generators ” 


on to the (6) of in | open 


ait. 


work in m this Ww vay but it was done successfully in this i instance at a large 


at 
ibe Another instance in which the general contract did not seem to - ‘edvie- 
was the construction of “the S. Naval Armor Plant at Charleston, 
Ww Va. . The decision to proceed - with the construction of the plant v was 
2 athe by the Secretary of the Navy i in August, 1918, during the latter ‘part of : . 
the W orld W ar and at a a time e when the naval building program was in progress. ’ 
Orders were issued to ‘prepare the designs: which were ‘completed during ‘the 
next f few months, and then further orders were given to go ahead with the — 
construction. work, In the meantime the Armistice had been declared. At that 
time the markets for labor ‘material were such an uncertain state 
- that th the Department did not feel that the general . contractor Ww ould be able to 7 
give a fair lump-sum bid. He might ‘either over- -estimate or under-estimate 
~ the conditions as to labor or material or both. AS ‘cost plus” contract: did not R 


seem wise because it was a rather unpopular form in the Government service 


at the time. bt Therefore, the only decision left, as ‘recommended by the speaker, 

_ was for the Bureau of Yards and Docks itself to become the general ‘contractor. a 
Such factors as the steel frame work, steel sash, roofing, and a few minor : 

- items were made the subject of individual contracts. All the other parts of 
the work, including excavation, n, concrete foundations for buildings, s, furnaces 
and machinery, brick w ork, railways, roads, sewers, water piping and electric ie 
installations were undertaken by the direct employment of labor. As the 
Navy Department had no organization at Charleston for : such work, it became | 
_‘hecessary to purchase equipment, establish a labor office, and purchase mate- 
nial as well as to secure transfer of materials from other points w it was 


o longer needed by the Government service. © awe 


The work undertaken’ cost more than $10 000 000° was completed suc- 


ce mafully, on on time, within the, limits of funds available. It is hardly likely 


1at such a result could have been accomplished at ‘het time by | any other E 


4 
e largest single enterprise 
in ‘the line of public which the Navy Department 

rer carried through as one operation, 


ek In this discu ussion, the speaker has been trying only to complete the picture 


Which | has been proffered to the Society and does not in any way mean to dis- 


which is very necessary to emphasize that for any project it is desirable 
‘tems make a thorough study of the situation as to how it shall be carried through 
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BALLARD ON GENER ERAL VERSUS 8 SEGREGAT E 


and then decide what is the best means to accomplish it. 
i there must be | taken into account not only the project: itself, , but ea the per- - 
sonnel that would be available to handle i it; 3 the market condition as to labor 
; and ‘material; and what general ¢ contractors are available and able to handle the 
bagel under consideration. Above all, it is necessary to take into account 

the experience of the engineers or other personnel who would be placed in 
charge of the work, either under the contractor | or under direct execution by. 
_ the owner. In the three cases which have been mentioned by the speaker, it 

4 has been shown that there were particular ‘reasons why the contract 
There is no question that in the majority of cases the nin contractor 
has the experience and ability t to carry through complicated or simple con- 


struction. work better ‘than it can be done by the owner or engineer. | The 


_ various reasons for this have been so clearly brought out in the paper sad it: 

ome of the larger corporations, as well as the Government service, have 
a construction problems which are of a continuous character, such as railway — 
a maintenance, railway sidings, roads, and telephone and telegraph communica- 

¥ tion systems, and it has. been found advisable i in some of these cases to or ganize 
3 a permanent construction force under the control of a trained official of the 

ur _ The usual owner or engineer of to- day, aside from the great ¢ corporations | 
a or Governmental organizations, has a great many other things to do than to 
3 take the part of a general contractor, and 1 usually he has not the organization 
or the personnel that the general contractor develops ‘and maintains with the 
- special knowledge and experience that must be a basis of any attempt to do 


+>. “4 general contract work. _ Any owner or engineer who undertakes, seriously, a 


in this way without previous experience, and qualified personnel, will 
4 have m many § snares and pitfalls to avoid, and his | experience may cost him much 3 


from the most unexpected causes. _ However, the Engineering Profession has" . 


a given many examples of gascessfal transition into the general contracting q 


Wt _ It seems well to remember that the engineer is usually charged with more 7 


‘than the ‘of structures and projects, and the preparation « of ings 


wees 


project from a status of” drawings ‘and "specifications into a: 


‘Poser of this ‘type, with comment thereon, made by the engineers 
* - senting the various sides of the question, will result in a great deal of good. | _ a 


T * Am. Soo. C (by letter). +—The author 


"discussed a ‘subject of great interest and importance in these days. of large” 
construction projects. He announces an effort to throw some light on the 


‘subject of. the general contract and the segregated contract. _He 


Associate, The J. B. . Greiner Co., Baltimore, Md. 


~om 


= > = [Papers. Pape 
= disn 
it 
fact 
ait 
diser 
oni 
out 
eons 
| its 
I 
cont 
buil 
ey 
num 
mor 
cons 
brid; 
of 
| 
4 | orga 
subs 
“sible 
cont 
| 
abil 
such 
> 
s 1 
2 a 
the 
that 
A 
cont 
thar 
the 
ilittl 
4 con: 


ee the s subject of the segregated con contract in a few words, by y defining 


it and s stating that certain engineering projects, by their “nature, are 
a detailed 
disenssion of the advantages of the with 


aa its value in building operation. | Therefore | it seems worth ¥ while to bring 


out more the segregated contract and, further, to 


Little, if, any, criticism can be offered of the statement that the general» 


in practically every instance, is better the forms for ro 


In the construction of most large buildings | "ane 


are ‘many ‘Moh however, outside the field’ of building 
- construction. - One group of great importance includes the building of large 
bridges. ‘Each big bridge project divides itself naturally j into the construction _ 


of substructure and superstructure | which, _ except in the case of arch bridges, — 


totally different operations and are performed by different kinds of 
organizations. Frequently on a bridge of. any size, the contractors on the 
and ‘superstructure are each competent and financially respon- 


- sible. Tf, in ‘such a a case , one or x the other occupies: the position of general r 

contractor, he does 1 not perform a se a service of appreciable v value in supervising | 
the work of the other. Therefore, the owner is best served by carefully — 
drawn separate contracts: awarded ‘to contractors of “Proven capacity 


7 wae 
a ability, thus avoiding the payment of double profit, 


— There is one qualification of the foregoing that, when made, brings — 
“such as described back into the hands of a general contractor without calling _ 
the owner to_ pay commission or fee and receiving n no 


value therefor. This qualification “requires: that the contractor who assumes | 
‘the work 1 under a general contract ‘modify, his, commission in such away 
it is not made to apply to the value of work done by a large sub-— 
é contractor whose ability and financial responsibility are, equal | to or greater ° 
than his own. For instance, assume e that A,a competent company on founda- 
tions, takes the general contract and sublets the steel superstructure to B, 
Fu of the large steel companies. _ A’s contract provides that he must deliver 
“the piers at a certain. time, after which the company furnishing a and erect- 
: ing the steel must do its work. : During this period of - steel erection, , A has 
little if anything to do and maintains practically no organization | on the 
ae would be unfair to th the owner therefore for, him: to ix include in his . 
paid him by the owner an appreciable, if any, percentage of the value 
of ‘the work dunn by the steel company since such a charge on his part wah 
constitute a duplication of profit paid by the owner. This applies to other 
than bridge construction where the work, by its nature, di divides itself into two 
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BALLARD ON GEN} ER ERAL VERSU SEGREGATED CONTRACTS 


charged by the engineer or for supervision during construction, 
might well be ‘supervision during construction 
not contemplate co- -ordination “of contractors’ functions, but rather is 
nished in order that the owner through his agent, the engineer, is assured 
that all work done is according to plans a and specifications. This charge, 
therefore, d does not represent a duplication of profit. ‘or fee for g general 

supervision, but ‘rather is compensation to the engineer 

_ separate service and one that i is indispensable, especially” where part ¢ or vie 


of the money "being spent comes from the investing | public through the. 


* Proceedings, Am. Soc. C. E., February, 1928, Papers and 402. 
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A. Srrone, Assoc. M. Am. Soc, Soc. CE 


M. Srrone,+ M. Au. Soc. C. E. (by letter).t—The su subject of the 
r hydraulics of the flow of tides through narrow ain to inlets and lagoons © 
i ‘and the resulting mov ement of sand and silt is a matter of interest in many 


places besides those studied by the author. principles set forth in the 


pry fishing | of In this district an 


additional factor consisting of the local | geology must be taken into consid- 


‘eration because it is largely the controlling factor in the location and. char- 
acter of the entrance channels to the inlets and lagoons. eee ~ 


oe ‘The California coast, from the region n of Santa Barbara southward, has” 


been subject to -extensiv e block- faulting, in the course of w Ww hich the various” 
blocks have | been tilted and depressed or elevated varyin ng amounts, The 
shore line along the elevated blocks is rocky, with perpendicular bluffs. In 


some places elevated terraces or old shore lines form a shelf between the top 
of the bluffs ; and the foot of the hills ; in other “places, the hills come directly 


down 1 to the sea . Along the ‘sunken blocks the shore is more or less marshy, 


with sandy beaches, allowing the formation of lagoons | back of a line of sand — 


‘dines, Some of these lagoons are of | sufficient size to maintain permanent an 
- tidal inlets, but many of them are only « open to the sea during -and after heavy 


Storm Anchorages and still water for boating can be secured by deepening 
and protecting the natural channels to the larger inlets and by dredging the — 


smaller ones and creating permanent artificial channels to them. moe ale % gt 
_ These lagoons are narrow, with the long axis parallel with the coast. te T They ’ 


are separated from the sea by a narrow sandspit or belt of sand dunes and are 

* Discussion of the yoper w Brown, Am. ‘Soc. Cc. continued from May, 

Cons. Enegr., Los Angeles, Calif. 
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from 12 to 20 ft. deep. = natural entrance channels are at one en : 
the lagoon at the foot of the hills or bluff forming the edge of ‘the adjoining 
- fault block. ‘The channel ‘makes a a sharp curve just inside the c coast line, with — 
- the convex tie of the curve in a rocky formation. The « concave side of the 
_ curve is formed by the end of the sandspit. The hydraulics of this curved 
channel 3 is that ‘described* by H. C. Ripley, M. Am. Soe. E. e resulting 
_ increased scour on the convex side of f the « curve against the e resistant for formation 


wong 
prevents the 1 migration of the ‘channel or the for mation of : an inner bar. i There 
ome to be no effect on the outer bar, other than the prevention of migration. | 


Fig. 10 shows one of these Califor nia lagoons and entrance channels. ‘Par 7 
to the construction of the jetty the entrance ‘channel made a sharper curve 
well inside, and the discharge was at right angles to the shore line. The 


location of the jetty h has tended to straighten the channel, but has also caused 


ome extensive deposit : of sand, in the form of an inner bar, 1 making it difficult 


vigation. 


= The prevailing direction ‘of the littoral ‘al drift along this coast is to the 
east ‘and the location of the entrance channel to Newport Bay at the east 
end of the lagoon is in accordance with the ‘usual theories i in regard to its 
effect. r At Anaheim Bay, a few miles to the west, the entrance ia 
~ alongside a rock formation at the west end of the lagoon. a channel forms 


inh 
> 


obi 


Contours Show Depth 
Feet at Mean 


Low Water 


a sharp curve the end of and an is no inner bar. 
T here i is a tradition that once during a heavy storm this channel was filled up 


and a new one opened at the east end of the lagoon. - This new channel soon 
migrated back westward to its original and permanent location. A repetition 


 * “Relation of Depth to Curvature of Channels,” am. 
1927), P. 207. 
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VL ETS ON ‘SAN DY coasts 


al ‘this action. ‘waits now result in the destruction of. much valuable beach . 


— At Mugu Bay, in V entura County, a still different condition prevails. 
Here, the indications are that the entrance channel was at one time at the - 
“east end of the lagoon at the foot of a | steep | hill. The detritus from this hill © 
has filled 1 up p the channel and the entrance is now near the middle of the 
lagoon, with sandspits on both sides. . This —— constantly v varying in 


“character an and 


lagoons navigation purposes, pry take into. the 

jocal “geology. The natural channels that the direction of the littoral 
drift is not the controlling factor their location ; also, that if the ‘proper 

@ re of the inner end of the channel can be maintained, the formation aoe 
of the inner bar and migration of ‘the ¢ channel | be prevented. It 


becomes a question of securing welieions depth of water over the ‘outer bar. 
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THE COMPRE ESSIBILITY O1 OF ‘Ss. AND- -MICA MIXTURES 


Be R. D. N. Simmam anp W. Rusey. 
D. N. Assoc. M. Am. Soc. C. E. (by lett ¢—From the few 
results of experiments that have been given by Mr. Gilboy, the: wr iter has been = 
able to deduce, i in his own way, cel certain very ‘important Soictie. about soil behavior 


| General Relations for Volume of Mizture and Volume of 


Let V, equal a volume of pure sand weighing W grammes and V,, 
of mixtures (loosely poured) of the same weight, W grammes; let V repr esent = q : 


the compressed volume of mixtures under a specific load intensity, Ww, kg. 


per sq. em. Then, if p pis the percentage of n mica by weight in the mixture, 
the volume of sand constituting the loose mixture of constant weight is given 


in each ¢ ease by the 
1 (100 — 


a 


eA is given a as equal to 140 cu. em. , which i te ‘the volume of pure s sand w eighing a 
200 grammes. From Equations Gi , (2), a and (3), the values shown in 

Tabl e 1 are derived, which | may be compared * with the values given in Fig. 3.8 


_ * This discussion (of the paper by Glennon Gilboy, Jun. Am. Soc. C. E., published in | 
February, 1928, Proceedings, but not presented at any meeting of the Society), is printed 
ra Proceedings in order that the views expressed may be brought before all members for 


Town Planning Asst., Madras, India. 
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SIMHAM ON ‘COMPRESSIBILITY OF SAND-MICA MIXTURES © [Papers. 


Equa NS (2), (3). 


ENT BY UATIONS (1), (4), AND 


For the volumes of sand and mica content in the samples of the same 
ow veight but of different percentages, the following further general relations: 
to hold good, and may be as” alternatives to Equations (1), (2), 


to be to 0.007 0.051 per gramme of mixture. 


volumes of mixtures” with different percentages of “mica wil be 


| 


Equation (6) are in “Table 2 2. 


“TABLE 2—Mica ContTent By Equations (4) anp (6). 


As for the compressed volumes of mixtures (for a particular ‘aia 


Toad, W, » following: general relation seems to hold good: 


which, k " represents the compressibility coefficient for sand and I the com- 


“pressibility coefficient for mica. = load, in _Kilogrammes per “square 


centimeter. V, =V, m and varies with different. percentages ‘of mica. 


yn (7) may also be expressed as: 


the cases of 200 grammes weight of ‘samples tested by the author, 


with 140 cu. em. and W =1kg. ‘per sq. em., the values of k and are, 


Paper 
(19384 
TABLE 1.—Mica Cont 
Perc 
4 and, sents 
: 
_ gramme) of mixture. W is the weight of samples tested, in_grammes. = 
— 
— 0.99, 
SS of a 
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the following general relations for constant volume are deduced: — 


=V, = constant. 


Equations (9) por (10), i in Equation the rest 


a 100 +P (¢—1) 


General Relations for Determining Compression Under Load for Different — 
of Mica. .—For constant w weight mixtures, Ve repre- 


tents e compression volume. Therefore, 


Ve ~ 100 — -p(e 


For. the sand mica of ky i, C are, respectively, 
99, 0.52, and TA. Correct 1 values of these be determined. 


From ‘the foregoing mathematical analysis the writer is led to believe 


“that in any mixed soil. the behavior | under compression i is “one of combined | 
action of the several ingredients, each behaving a: as if it were independent. | oy 
- He believes that in the case of constant weight of samples of soil con- 
“taining Dy» P Dos Das ete., percentages of different materials are mixed with sand 


ofa ‘percentage, P, then the loose volumes of mixtures will be. given by, 


etc 


and, the volume of compressed by the loa W, per 


q 


Sq. 


‘Iaterials” constituting the soils mixture, should be carefully determined by 


r furnished by the author are ‘indeed very enlightening in so’ far 


as the question of compressibility of soils under peculiar conditions ls con- 
cerned; but similar attempts ‘should also be made to determine constants 
permeability, slipping or sliding, elasticity, and friction. soils sink down 
“under most of ‘these conditions also, constants for soils for each condition 
‘should be determined so that the behavior of « any ‘mixed soil may | be eg 


“computed and estimated, on more or less th the s same lines as herein suggested. ‘a 
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ON COMPRESSIBILITY OF “MICA. MIXTURES 


Wit Liam W . RusBey,* Esq. (by letter) This paper, dealing w ith the effect 


of differences of composition on the ‘deformation of mixtures that are at ‘similar 


to sedimentary rocks, is of interest to geolo ogists as well as to engineers. The 


~ of clays and related fine-grained rocks: has been given | ‘some 


“study by geologists, but never under su uck ontrolled conditions as those 
adopted by Mr. Gilboy. Consequently, his 
some important phases of rock deformation. — 


ex periments» thro ow new light « on 


petrographic microscope has shown that platy micaceous er ystals§ are 
an 3§ 

a8 very common constituent of clays, | shales, and mudstones, and his experi- 
"ments furnish confirmatory evidence that these platy crystals may account 

a for some of ‘the peculiar Properties of these types of rocks. However, the 
: 4 ‘microscope has also shown that the ‘particles i in many of these rocks are very 
small; and physical investigations have indicated that the proportion of 
these small particles is an ‘important characteristic, of ‘soils and clays. These 
two interpretations are not. mutually exclusive. It is possible that both the 
a. shape and the size of the constituent, grains: may influence the behavior of a 

~ rock under compression, for the surface area per unit volume increases with 
“both: smallness and flatness of the grains. In other words, some of the proper- 


- ties of clays . and ‘soils may be | a function of their total or specific internal 


t these earlier investigations fe Mr. Gilboy’s conclusions** that 
— “the characteristic behavior of fine-grained sediments, such h as silts and clays, 


is principally ascribable to the presence of flat grains” and that ‘ ‘the com- 
pressibility of typical fine-grained sediments is not ascribable to small 


_ size of the grains n nor to the presence of colloidal particles” are > not completely 
--s- eonvincing. , Hie “samples” of sand and mica were sized with sieves and, there- 
fore, although in maximum or intermediate diameters two kinds of 


mn grains are the s same size, in volumes or true sizes the ‘spherical quartz grains 
many times” larger” than the thin plates of mica. the two kinds of 


Associate Geologist, U. S. Survey, Washington, D. C. with 
permission of the Director, U. S. Geological Survey. 


ft Received by the Secretary, April 17, 1928. ae 
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Mr. € Gilboy’s data on the dimensions of the grains and on the effect of 
varying proportions of sand and mica ‘on the v oid ratios and ‘compactibilities 
of the mixtures afford an “opportunity test the hypothesis that the chief 
Sector 3 is the internal surface area of a rock instead of either the size or shape | 
alone of its constituent “particles. 7 ‘The sand he used was rounded, had an 
aver. age diameter, D, of mm., and a specific of 2.66. 
passed the same sieves, about. 0. .02 mm. thick and had a lille, 


Av erage Quartz Sphere, Average Mica Disk. 


Surface area. x 0.785 ‘sq. —+2DT = 0.424 ‘sq. mm. | 


DG ary 
Relative weight. =0.174 0.0112 


A 


ternal 


ve Int 


Relati 


wn 
caad Volume in Cubic Centimeters 


Uetin, 

‘That i: 

the averag erage mica was about 16 times as heavy. 

about: 8.4 times as much s 

ue ” >) 

, Ao 8.4 for the mica, the relative internal surface a areas <a the ‘different 

$88, mixtures can be computed from the weight proportions | of each’ constituent 


(Column (2), ‘Table 3). Iti is of considerable interest to note that the volumes 


of the loosely poured uncompacted mixtures (Column (3)) show an approxi- 


“mately linear relation to these surface areas (Fig. 8). 


wi ‘Because of the friction on the sides of the graduate, Mr. Gilboy pg 


4 "readers against using ‘the “compacted volumes of the mixtures that w 


‘shown, in Fig. 8. * However, the true relative compacted volumes. can be 
_ estimated from the void ratios of these mixtures ata pressure of 10 10 kg. ‘per 


<q. em. as shown 3 in Fig. 2+ (see Table 3, Column (4)). “To convert these void - 


* Proceedings, Am. Soc. E., February, 1 1928, Papers and, Discussions, 581. 
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4 RU COMPRESSIBILITY OF SAND-MICA MI 


the formula, 


ratios into volumes, one must know the siti gravity f 


‘the mineral pa articles in the different can be 


aig erage Specific Gravity ity of Particles” 
partite hes Percentage of sand Percentage of mica 


The values, ee computed, are § shown in Table 3, Column 


volumes of 200-gramme samples: of the different mixtures, at pressures of 
10 kg. per sq. cm., 

200 200 (1 + voi oid ratio) 

“Average specific gravity of 1 mineral 
as show own in T Table 3 , Column (6); and the loss of F volume, or the compactibility 
of a 200- “gramme sample, when subjected to a pressure: of 10 kg. per sq. 


would be (at least, approximately) the difference between the volume when 
loosely poured and the volume w hen (Table 3, Column (7)). These 


differences or amounts of — are a a linear function of the 
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a These two apparently linear relationships see seem to iittala: that the volumes _ 
of these | mixtures when ‘uncompacted and their losses of volume when sub- . 


jected to equal increments of pressure, depend on their internal surface areas 


Sale dam on either the shapes or or the sizes of the particles alone. This sug 


"gests that compacting takes place, not by the bending of thin nor by 


- hay ogether through th the rolling about of small spheres, but t possibly 7 
by the squeezing out of -eushion- like ns s that cover the surfaces of all 


@ areas might ; profitably be ‘made ¢ a of future experiments 
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THE LAKE AT AUST IN, 


Diseussion* 


ROBINSON Es. (by, letter) x. connection with the observations 


of the author, *, the’ status of the silting problem a at the Zuni Reservoir i in New 
Mexico is of interest. The conditions affecting the two cases s are quite dis- 


similar, At Austin, is a long, narrow reservoir in a perennial stream 
and, at Zuni, a reservoir almost circular in ‘shape is formed in the bed of an 


ephemeral str eam W hich is ‘supplied by a very uncertain rainfall and run- -off. 
Ih both cases large quantities of silt have been brought in and deposited ; at 


‘Austin, 95.39% of the storage capacity in 13 3 years, and at ‘Zuni, at 990-ft. 
contour, 94. 89% in 22 years. 


The showi ing of such immense quantities of ‘silt being brought reser- 
voirs, under dissimilar conditions, when constructed in stream channels, 


> 


his on the Zuni Reservoir, the writer c cannot quite 2 agree 


with the theory of silt deposit advanced by Dean Taylor. Ordinarily, the 
amount of silt deposited ina reservoir depends « on (@) the quantity of water 


coming into, or passing through, the r reservoir ; ; and, (b) the a amount of silt 
carried by the water. The latter is a variable figure depending on many things, 
including th the character of ‘the drainage area. Under the conditions s existing 
at both reservoirs there is coming into, or through, t the reservoir ‘a certain 
quantity. of water each year, which water will carry an unknown but variable 
amount of silt. L. It would seem that irrespective of the size of the reservoi 
(within: reasonable limits), with a given quantity of water going into ¢ 


es -* Discussion of the paper by T. U. Taylor, M. Am. Soc. C. E., continued from May, 1928, _ 

Superv. Engr., U. 8S. Indian Irrig. Service, Albuquerque, Mex 

a See, also, Transactions, Am. Soc. C. E., Vol. Luxer (1919- 20), p. 868. 
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SILTING OF LAKE AT AUSTIN, TEXAS 


. through it, there would 7 deposited a similar volume of silt; and as the area 


Beg a given quantity of water coming into a — empty reservoir 


remaining there would deposit a ‘greater amount of silt than would the 


same quantity of w water flowi ing into ‘a reservoir already full, or partly full, 
and passing over the spillway < or dam, » carrying a a portion of its silt. How- 


ever, this would be only one minor factor affecting the result. 


The “Theory of Silting” , as stated* by the author, would s seem to take 2 won 
‘these factors into consideration, but rather to as sume that, knowing the 


rate of is a function of the ¢ capacity of the reservoir. 


in Thousand Feet 
os —Percent of of Silt in Runoff remaining in a | 
= 
+++4Deposit of "Silt in Hundreds of Acre Feet | 
Cumulative Silt Deposit in Percent of —|- 


Capacity of Reservoir 


Acre Feet 
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Fic. 7 -—SILT PROBLEM OF THE ZUNI RESERVOIR AT THE 990-FooT CONTOUR 


The records of the Zuni i Reservoir (Ts able 4) seem to indicate an irregular 


‘enik which has no reference to the capacity of the » reservoir and only ‘indi- 
rectly as to (a) the quantity of water, with (b) the silt content being almost 
“undetermined. The curve of silt deposited annually will be practically 
‘straight line Fig. Tt) ‘rather than curve as shown in the author's 


Iti is perhaps a rtd to give the conditions t that have been found at Zuni. : 


After. the failure of 1909 the weir was built to Elevation . 991, but since then a 
permanent weir of concrete has been constructed to Elevation 997 "and stop- 
- can be used to raise it to the original 1000-ft. elevation. = “net a 


Proceedings, Am. Soc. C. E., February, 1928, Papers and Discussions, p. 576. 


See, also, am. Soc. C. E., Vol. LXXXIII (1919- 20), p. (871, Fig. 
Proceedings, Am. Soe. C. , February, 1928, and Discussions, 577. 
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_— SON ON SILTING OF LAKE AT AUSTIN, TEXAS 
«Silt. Deposit. —The ¢ enantity of silt” brought into the reservoir been 
_ very great. Records are now complete to January 1, , 1928, a period of approxi- 
mately 22 years (Table 4). - With the water surface i in the reservoir at Contour 
there is only 5.29% of the capacity left. amount of silt brought into 
reservoir, , however, has greater than this would indicate, the excess 
- being: deposited | between the 990 and 1000-ft. contours. The total ‘capacity pr 
~ Contour r 990 was 10 230 acre- -ft. The total silt deposit in the reservoir January 


1, 1928, was u 940 acre- ft. The area of the reservoir at the 990-ft. contour is. 


512 acres ‘and at the 1 000- ft. contour, 620 acres. ' The capacity remaining at 
- the 1 000-ft. contour is 26.9% « of the original capacity of 15 811 acre-ft. at that 
‘The first: attempt to ) determine | the wii silt coming in was in June, 
= when soundings were taken from a boat, and intervals thereafter 
_ soundings | were made through the ice, usually i in January. _ There are only a 
—_ few w reeks in any winter when the ice is thick enough for this | purpose and i in 
— years it was impossible at any time in the winter to get out on the i ice. 
This) vas the case for the several years of no record (Table 4). 
¢. ~. In making these soundings the same base line was used ite year and the 
surface of the reservoir was. ‘divided into ‘squares 300 ft. on the side. This 
*e1; assured that t the s soundings for. each year were 1 made at practically the same 


and the records, therefore, : are unusually close. From these soundings 
contour were made from which the amount: of ‘silt was com- 


data have in Fig. 7. In order t to compare the various 


elements, the run- -off is expressed in thousands of acre- feet, the deposit in 
hundreds of acre- “feet, and the percentage of silt in the run-off which remained 
in the reservoir. This may assist in an understanding of conditions and of 
the original statement* that “the: percentage of silt carried by the water is ina 
certain inverse ratio to the magnitude of the run-off, within, as yet, unde- 


Two important considerations that were not stated modify that conclusion. 
; one thing the statement is true only so long as the regimen of the run-ofi 
—s remains 1 undisturbed. _ Again, this statement and the data given in Table 4 


refer to the percentage of silt in the run- -off. This latter is not entirely true, 


r for what i is shown is the percentage of silt i in ‘the run-off which remains in the 


reservoir. A certain amount will remain in 1 suspension and pass over the spill- 
- way and che part dropped in jn the reservoir will depend on many conditions, 


By. 4 such as the state of the reservoir when a a given 1 run- -off occurs ; whether empty 

or full; ‘the | character of, the silt, ete. Hence, the writer is not as sure a 


formerly, that there is. any intimate connection between the a mount of silt” 
carried by a particular flood and its magnitude. It should also be remembered 


t that a part of the silt does not remain in the reservoir permanently because 


Transactions, Am. Soc. c. E., Vol. LXXXIII (1919- —20), p. 888. 
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ROBINSON ON SILTING OF LAKE AT AU STIN, TEXAS tien 

‘some is carried out with the irrigation water . It has been we that at 


least 50 acre-ft. goes out in that way ¢ annually at the Zuni Reservoir. How- 


ever, the record is very clear | that the greater the run-off the less will be the - 
percentage of silt carried by the» water. 
| _ The theory of silt deposit of J Dean Taylor probably f fits the conditions and 
results at the Austin Dam, but will not fit those at the Zuni Reservoir. _ s The > 
cumulative curve of the silt deposit on the Zuni chart (Fig. 7) lies fairly — 
close to a straight | line from 1906 to 1923. At this time changes i in the dr ain- 
age area took place i in the nature of silt retardation work, and from 1923. to a 


1928 the silt curve ag again becomes, with slowly changing conditions, almost a 


straight Tine 
Prevention of. Erosion.—There being no practicable ‘method to remove silt. 


ine, 
it reaches and is: in a reservoir, it would that 
1in 
ice. of the silt ‘came the erosion of ‘stream and 
the branches coming in from the ‘south, flowing through w hat is known 
Horsehead Canyon, rather than the general erosion of the entire drainage 
This area. This was undoubtedly caused by overgrazing, removing the ground cover, 
ame @ and > the r run- -off to reach the stream in a shorter space of time and in wa 
total lene the north. es, 1922 it was found that heavy erosion had commenced 
the on these tributaries, particularly on the ‘Nutria. At the same time examina- 
ages tions led to the belief that the erosion on the southern m tributaries had about — 
tion reached an equilibrium and the danger | of further heavy deposits from that 

rious There are two phases of e erosion in the drainage area of streams. One i is. a 
it in Fle lowering of the channel bed and the retrogression mn of grades through the . 
ined fine alluvial deposit of the valleys, which continues until bed-1 rock or hard- 
id of pan is reached, the channel widening : at the s same time in proportion. to its 
‘ine increased depth. . The. other, which is really a part of the same e action, cccurs 
ynde- {@ Where the stream carrying the flood has a sharp bend in which the water 
. striking the outer bank of the curve, breaks off large masses | and the eroded 
ision. Material is carried down the stream. Both these conditions are usually founc 
able 4 sit was : planned to check this erosion under the first mentioned condition by _ : 
‘true. intresting rock and brush checks which are placed not only in the bottom, 7 
n the but are carried up the banks t to a sufficient I height to prevent bank | erosion. 7 
spill- was planned t to place these checks close enough together to form a new grade - 
‘tions, 80 that the velocity | of the water will not exceed what it originally was, , and. ; 
mpty current will not erode the material (Fig. 8). 
ire as the other case, masses of brush and rock placed at the critical. 
of silt “points along the side to prevent erosion. . The protection | at sharp bends as - 
ibered illustrated. in Fig. 9 will not always work, for the ‘simple reason that if the 


elon, of the « arroyo is still in soft material the current will erode under the if 
Protection work; but in such cases it: is dicated “necessary (a) to. excavate hone: 


Ts, 
4 
nto i 
ary 
at 
t 
cause 
| 


b 


$ to harder material ; O) to build a protection mass s $0 it w vill settle with the 


scouring ; or (c) to use this side | protection in connection with the checks. ee 
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FIG. PLAN OF CHECKING EROSION IN CHANNELS 
_ APP LIED TO THE PROJECT. 
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tions only in (1921 and 1922, and in 1993 ‘a small sum of money 


in the protective work outlined. A limited amount of a nen been 


continued year since, at the most critical places. 
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ROBINSON ON SILTING OF LAKE AT AUSTIN, TEXAS 1945 


pS That this has been effective is shown by the fact that the reservoir capacity 


= e (or Ww hat i is the same thing, the curve showing the silt It deposit (Fig. 10)) = 
is suddenly flattened from 1922 onward. indicates clearly, unless several 
consecutive coincidences have occurred, ‘that the protective checks and jetties 
An extension of the control work is planned from year to year as money > 
is available ble and at points indicated : as necessary by further erosion. eA tutrinag ‘ 
He "Processes of Erosion.—As to the general problem of erosion in n the South- 
west, an office “Watershed Handbook” prepared by the U. S. Forest Service, 
Southwestern District, contains some valuable comments which may well be 
repeated in substance as ‘bearing directly on the large question. Bruits « — 


IG. 10.- OF RESERVOIR. IN PERCENTAGES: oF 


N 


The distinction between normal and abnormal is a frequent cause 


of misunderstanding. 7 AD certain kind and rate of erosion, of course, exist 
naturally in every place, but are seldom the same i in any two places. — 7 


a 
For any locality they are determined by the ‘interplay of two forces: — 
Ne, 1. —Resistance.- poe egetative obstruction, § growth, or healing power of vegeta-_ 


tion, kind and arrangement of soil, rocks, and débris. 


—Disintegration. —Kind, amount, and Gisteibution of rainfall, water flow, 


Whenever, through a 1 long period of time (say, a generation) these two 
forces and no material change i in the configuration of 


the country occurs, the country may be said to be in equilibrium, and the state — 


of erosion may 5s cole normal. _ Whenever, through a similar period of time, 


material change occurs (such as the disappearance of -ereck bottoms or 


-gullying of slopes) the state of erosion may be called abnormal. . Abnormal 


r erosion occurs locally in the Southwest while the land is still in its virgin 4 
4 condition, but ‘it was exceptional, both as to time and place, because the natural 


~ forces v which 1 upset the equilibrium (cloudbursts, for instance), were local and 


2 anne usually | had time to ‘ ‘get in” ’ their work before the ‘upsetting process 
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5 ON SILTING OF LAKE AT AUSTIN, TEXAS 
The artificial which are now upsetting equilibrium (over-grazing, 
instance), are usually not local and temporary, but widespread and 0 f long 
4 Hence, the fact that abnormal erosion, once exceptional, is now 


neral. Once § self- healing, it is no now cumulative. | This ‘argument does not 
assume that there are more or worse cloudbursts now than before the country 
was settled. 1] It does assume, however, that the same number and kind of | 
cloudbursts have more effect. For p practical “purposes, n no distinction need be 
_ made between normal and abnormal. Any erosion that is doing damage and 
4 that can be controlled, should be controlled. ‘There i is no danger of the effort 
being so successful as to interfere with normal or beneficial erosion. 
Why should settlement upset, equilibrium on a wholesale scale in the South- 


: west, when in other r regions: it has not usually done so? Because, for one: 


7 thing, there the plant successions are different | (probably in turn due to the 


semi-arid d climate). _ When the ‘prairie grass and timber groves of the Middle 


were ‘destroyed, bluegrass and plowland replaced them. regularly 


= 4 - plowed and cropped is nearly as good, and bluegrass probably better, than the 
original cover ; but when the grama is ¢ destroyed and Teplaced | by snakewe eed, 
fied the bunch- grass by annual weeds, or side-oats by brush, the e ee is ‘Poo rer 


than the origina 
An inferior plant | succession is not u universal, however, even in the s South 
West. regions like the East Pecos, bluegrass” has bunch-grass. 
On the J emez, -valles sedge and various short gr rasses have replaced bunch 
grass. On parts of the Tonto curly mesquite has 18 replaced the gramas. 


_ these replacements are as good or better cover than the original. — Asa ‘rule, 


however, the replacements have been inferior, 
equilibrium eventually occurs even where bel 


the original “vegetative resistance. . Thus atebilized, the watercourses are pro- 
ceeding to re- -vegetate with alder, juniper, rabbit- brush, or whatever can grow 


in the rocks. The new ‘equilibrium, howe’ ever, is a relatively unproductive one 


U LIAN } Moyteomery, * M. Au. Soc. E (by letter). +—Engineers 
‘concerned with the design | and development of storage 1 reservoirs in the south- 


west section of the United States should greatly appreciate this — con- 


The geology o of drainage area, together with the relation 


nae size of that area and ¢ the capacity of the storage reservoir, a 


designing engineers must constantly keep before them. 
hte 


_ Familiarity with the hydrology y of the Southwest reveals that the run run- -off 

of the water-sheds of the streams in that section carry considerable silt. It is 

not unusual for engineers engaged in the design of storage. reservoirs to allow 


| = from 0. 3 to 0.5 acre-ft. of siltage per year per. aes mile of end + 
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om 


he relation of he drainage area above Lake “Austin, | in square miles, to 


the storage © capacity of old Lake Austin, ‘in acre- feet » was s approximately 1 


+ min Lake Wichita, the water supply for Wichita Falls, Tex., was was built « on on Holli-| a 
| day Creek about 1900. It has a drainage area of (185 . miles and a storage 
‘capacity of 14 500 acre- -ft. The geology of ‘the water “shed is largely Per mian. 


There is considerable silt in the -off. flood waters pass over 


spillway with sufficient regularity to. prevent any particular accumulation of 
silt. Cross- sections taken i in 1925 under the supervision of Dean Taylor show | 
silt. en in I 


very little siltage i in the t twenty-five years. — The cross-sections also show that 7 
‘scouring has taken place, in gener: al, along the path: of the current. At the 
breaks and curves along the shore line silt | has been deposited. P robably 
the average net deposit over the entire reservoir area would be less than 1 ft. 
for. the life of Lake Wichita. The relation of the draina age area, in gc square 
‘miles, to. the capacity of Lake Ww Tichita, i in acre-feet, is 1 to 110, approximately. 7 
‘Kemp, located on the Big W ichita River, ‘approximately 50 miles 
sini of Wichita Falls , has” a drainage area of 2.000 s sq. miles and a storage 
capacity of approximately 500 000 acre- -ft., ty a ratio of 1 to 250. he inner core ihr 
Kirk Bry -AN * Esq. (by letter). he data presented by Pro- 
fessor Taylor on the deposition of silt in Austin Reservoir add v: aluable ce 
information on the processes" of erosion deposition characteristic of 
streams in the arid Southwest. These ‘streams m may be divided into three 
‘classes: Perennial, or those “that flow nearly all time; (2) 
‘mittent, or those that flow only part 0 of the time but more than a month a year; 
and flow only after r rains and less’ than a month 


eral and, to a less. intermittent streams carry silt 
—:E rosion and deposition | of silt by such streams are subject to « changes 2 — 
fluctuations quite distinct from the same processes” in perennial streams. 
Thus, the Lower Gila in Arizona and the Rio Grande i in } New Mexico show ya 
tendency to. their beds, whereas” their ephemeral “tributaries are 
activ ely degrading their channels. This accelerated erosion, or arroyo cutting 


thx 


was begun within the memory of men now living. Tt has rastly increased the | a 
total « quantity of silt carried by the: ephemeral streams. This” _inereased | 
“quantity of silt menaces reservoirs = nena to store flood waters. Simi- 


A 


Asst. “prot. of Physiography, Harvard Univ., Cambridge, Mass. = 


+ Received by the Secretary, May 26, 1928. This material formed part of a report to — 
the Middle Rio Grande Conservancy District, September, 1927, on 
Silt on the Rio Puerco, New Mexico,” by Kirk Bryan and George M. Post, a by per- . 
Mission of J. L. Burkholder, M. Am. Soc. C. E., Engineer. 


| _} Note the excellent definitions of O. E. 

US. Geological Survey Water Supply Paper No. 195, mp. 
we § Bryan, Kirk, ‘‘Date of Channel Trenching (Arroyo Cutting) in the Arid Southwest, e. 
Science, n.s., Vol. 62, ws 338-344, 1925; “Channel Erosion of the Rio Salado,: Socorro © 
County, New Mexico’, S. Geological Survey, Bulletin 790, pp. 17-19, 1927; ‘‘Historic Evi- 
dence of Changes in ie Channel of Rio Puerco, a Tributary of the Rio Grande in New 
Mexico,” Journal of Geology, Vol. 36, pp. 265-282, 1928; also, Swift, T. T., ‘““Date of Channel 
Trenching in the Southwest’’, Science, n.s., Vol. 63, pp. 70- -71, 1926; and ‘Wynn, Fred, “The — 
West Fork of River’, Science, n.s., “Vol. 64, pp. 16-17, 1926. ver 
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1948 
larly, in the valleys 0 of the major streams, of 


chokes the channels of perennial streams, -and induces a number of conse- 


quences most of which are _troubleso yme to the works of Man. 


conditions of ‘erosion and sedimentation on the water- r-sheds of the 

ephemeral streams have been the subject of much speculation and study with 

a view of determining the cause of the acc eelerated erosion or ar royo cutting. poms 


 & theoretical analysis of the conditions indicates that, because of the increased pile 


growth: of vegetation, years of large precipitation will be times of minimum 


“erosion ws running w water and, “consequently, times of minimum ‘gilt transfer 

= to the heroes eaches of the stream. a. Inv these periods | of larger rainfall, | gre reater 
qui quantities of water will flow down hill slopes through the minor channels, 

4 but the erosive power of this” water will be much reduced because of f the 


* i. increased vegetative cover. Not. only does this principle seem to apply to the 
short periods of o1 one or two years which frequently occur at present and are 


recorded i in 1 existing: » weather records, but m many claim that it will also apply to 


+g longer periods. Thus, in analyzing the effect of possible fluctuatio ons in climate 


in past times, this principle has been used. Periods of erosion are thought to 
“be the result | of arid climate and periods of alluviation and filling ‘of stream | 


a channels are attributed to less arid climate. In regions of greater rainfall valid 
4 and on perel nnial ‘streams: ‘it seems likely the principle will not the g 
the ‘results of a change i in climate 1 may be exactly rev ersed. un silt e 

1a this | principle has been advocated by eminent men and seems § that 

sound so far as a mere analysis: go, definite evidence has heretofore when 


been brought forward. The experience in the operation of the Zuiti Reservoir, ‘more 

however, gives es qualitative evidence that this principle is true. 


_ Zuni Reservoir on the ephemeral Zufii River in McKinley 


vay acts as a tre ap to retain the sand and mud carried by the stream. 
The area of the water-shed above the reservoir is said to be about 650 sq. miles. 

Data. on the river, its reservoir, and the silt problem | have been published by 


F. Robinson,* § ‘Supervising E ngineer, Indian Irrigation Service, win 
has also supplied additional informa’ ; 
silt. produced | by the water- is variable in absolute quantity 
geile in relation to the water entering the reservoir. Pri welve determinations of 


“3 the quantity of silt deposited i in the reservoir have been made, of which seven 
are for single years, and five for ‘periods ranging from 13 years to 34 years. If 


the quantity of silt for these , periods be divided by the mean annual discharge 
from the reservoir for the same period, as shown by Mr. Robinson in Table At . 
there is obtained average: figure for the silt 1 in percentage | by volume 


these mean discharges are plotted as ‘and the’ percentages of 


silt as abscissas, | as shown by ‘Mr. Robinson in Fig. 8,$ the points representing 


the periods down to 1924 show a characteristic relation between the run- on 
PA from the water-shed and the silt content of the wi water, The points represe nting 


4 


* “Silt Problem of the Zufi Reservoir,” Transactions, Am. Soc. Vol. LXXXIl 
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)23, 1924, +1925 1 in their position. by the silt- 


control works begun n 1923. The points representing the earlier peri 
4 
“fall l fairly close to a smooth line. 'The discrepancies may be due to errors in 
"determination or to some natural condition. — The period ending June, 1 1910, 
covers 33 years, and the e quantity of silt should be 1 more accurately determined . 
than in the period of 2 sy ears” ending in anuary, 1912, ‘represented by the 
near-by point; but the 2 discharges f from the reservoir for 1906 to 1908, inclusive, . 
were not. “precisely determined and the ‘estimate may be “sufficiently. in 1 error 


to. cause a misplacement of the point for the period, 1910. The. ‘points repre 
senting 1 1920 and 1921 appear to ) be i in error as a result of miscalculation of th 


of silt shown by the survey ‘of 1920. 


lé . 
~The building of ‘structures to prevent excessive erosion was begun in 1923. 


On ‘the next measurement of silt in « January, 1924, the quantity deposited in 


| 


Zui Reservoir was relativ ‘ely y small and the naneidis of silt in the inflow fell a 


to2 96 per cent. | In succeeding y years » in spite of low run-off for the: water- shed, 


“+ 

percentage of silt continued As be seen in Mr. Robinson’s | 

Fig. 8, these points are grouped - together ¢ at the lower left-hand corner of the 

diagram. T he fact that on the introduction of the artificial factor of silt con- = 


trol the curve based on pr vious data no longer applies, gives support to its 


k validity as representing a true relation. . The conclusion cannot be e escaped that 
the greater the run-off, the less the silt i in the water. ~The absolute quantity of 


silt either decres ases or increases = slightly v w ith greater —— but t 80 slightly 


more percentage wy silt main is low er, and ‘the 


quantity is but little, if at all, increased 


the years 1897- 1912. farses be is no 
in the » relation of discharge and silt content, either in the figures for full years _ 


or any of the nature al sez of the al the data on silt at and 
near San Carlos, on the Gila River, as compiled by Hughest gave a “some-_ 
“what similar type of curve with numerous erratic years, The Gila River at 
this locality i is intermittent or even ephemeral in its major discharge, as the : 
low- water flow is. inconsiderable. It should furnish a similar curve and 
erratic: points may be ascribed | to errors in the estimates. Data on “other _ 
streams by w which a further confirmation of the relationship shown for the Zui. 
River between silt and discharge may be established, are lacking. Mi a ed 


Obviously, if the water- shed of the Zuii River we ere ground, 


decrease of silt 1 w with run-off Ww would be impossible. agent dependent on 
rainfall must intervene to prevent erosion at times of large run-off. This = 


agent is the vegetative | cover which is much reduced in effectiveness in dry 


years, Hence, the ‘more rain, the more grass, and, consequently, the less 

n and the les silt carried n 

© Follett, W. W., “Silt in the Rio Grande’; Commission on Equitable Distribution 
Waters from the Rio Grande, Special Rept. to the Secy. of State, State Dept.. 1913. 

ee Hughes, D. E. , “Amount of Silt That Would Be Deposited in a Reservoir at ‘San 

etc., H. R. Doe. 791, 634 Cong., pp. 117-140, 1914. 
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1980  smEV ENS ON SILTING OF LAKE AT AUSTIN, 


Students of forestry. -and grazing have long contended that artificial 

_ tions of t the ve egetation by y overgrazing promotes erosion and incre ases the silt 

content 0 of streams. Many w riters, following this line of reasoning , have held | 

that the destruction of | grass cover by overgrazi ng is the cause which induced | 

eutting of existing arroyos. On the other hand, others hold that a change 


in climate ‘ which the rainfall is reduced, will ‘produce the same result. uw 


The data presented i in Mr. Robinson’ 8 Fi ig. 8 represent ‘merely the relation 
of silt to rainfall. y They do not specify ¥ Ww vhere the silt will originate. Obviously, 


as 


> vegetation: is most effective in decreasing x erosion of hill slopes, on alluvial fans, 


and at the head of gullies. | After the w ater is concentrated i in the valley floors, 
a good growth of grass tends to spread this ‘water and keep it spread, by which 


_ means silt is brought down more slowly. AD decrease in vegetation, particu- 
larly grass, whether brought about by overgrazing or a chang re in climate to. 


‘greater aridity, ‘induces formation of channels. Thus, although the 
= er osion decreases, a special and concentrated stream erosion may ensue. 


This type of concentrated stream erosion . has within recent years we 


duced channel ‘trenches or arroyos on most ephemeral streams of the South- 
west, The cutting of arroyos, or as some eall ‘it—the Recent Epi- -Cy cle of 

Lt 
 erosion—seems- to be due, 1 following the principle brought out in the 1 measure- 


ment of silt at Zuiii, to a decrease in the vegetative cover. The delicate 


balance of erosional forces’ nas been pa whereas the streams once 


aggraded their valleys or were at least neutral, th they now are actively degrad- 


mts 

a: hat c overgrazing was the “ trigger pull” w hich precipitated 1 this accelerated 

erosion is ; apparently true, but the underlyi ing cause is doubtless a change to 

er climate. This change probably occurred. before t the settlement of the 

country by white men and there e appears to be bets good reason to believe that 


a reversal of the climatic owing is imminent. Sound engineering practice 


4 dictates careful silt studies in advance of the building of reservoirs and active 
a measures for the control of silt on the water-sheds | of those already built. T he 


suecessful control of silt depends on (1) “reasonable restriction of ‘grazing; 
; (2) introduction of « drought- resistant plants that are non- palatable to stock 


(salt cedar (Tamarix sp.,) ete.); and (3) construction of retarding and 


The success of the works put in on the Zuii m may y lead to a . tendency to put 


faith in such direct methods of control to the exclusion of the indirect methods 
which can only be put into effect after a campaign of education 


Srevens,* Am. Soc, C E. (by letter), +—The author brought 
Be cige to the attention 1 of the profession. and t to the v world the seriousness of 


in only a few q 


* Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
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What i is 5 to become « of the civ ilizations that Ww wiley up asa re 


of a 48 000. acre- e-ft store age. reserv oir was to” one- schalf and ina 


subsequent period of 13 years its usefulness has been practically obliterated. 


_ The Special Committee on Irrigation Hydraulics of the Society has chosen ~ 

‘silt. problem” as one of its subjects for study. It is to be hoped that 

this: paper will bring forth timely discussion and rivet t the attention of the 


Profession on the > gravity of this problem. 


ihag | 


Papers.) ON SILTING OF LAKE AT AUSTIN, TEXAS 
| 
| sult of the 
d §} now teeming with life and verdure doomed to revert to sagebru h and cactus Q — 
d § 1s science powerless to halt the march of this relentless foe¢ i 
yy 
iS, 
te 
and 
os 
{ 
_ 


fe Bs te 


tie! 
a 19 + 


— 
| 
— 
‘ ite 
e 
— 
. q cur 
Mr 
me 
eal 
is, 
gw 
| 
— 


TZ. 


AMERICAN N SOCIETY OF CIVIL ENGINEERS 


ig iets This Society is not responsible for any statement made or opinion expressed — 


Cn ARL ES ‘Terzacut,t J M. Am. Soc. ©. E. (by letter). +—Data like those pre- 
sented in Mr. Hinds’ paper are among most precious that 
i could possibly obtain | because they create a unique opportunity to rn the 


first group of data concerns dams ona more or ‘tees sand 


and gravel foundation. According to Mr. ‘Bligh’s empirical ‘Tuleg a 


tow y of sheet- piles should increase the effective distance of percolation by an 


amount ‘equal to twice the depth of the sheet-piles. During the past ‘years, 


Mr. Bligh’s rule has been also confirmed by both theory and laboratory experi- 
“ment. Engineers should realize, however, that the. theoretical and the empiri- : 

a rule are only v valid when th hie endienpbeibiod is perfec tly homogeneous ; that : 


8, when the permeability of the underground is. the same ina vertical and = 
‘in a horizontal sense, and, in ‘Nature, such simple conditions never. 


exist. if the underground includes a single layer of feebly permeable ‘oui ; 
which | is penetrated by the sheet- piles, the piling becomes far more effective. 


Another important question concerns the “processes which lead t to 


According to the results of the experimental and theoretical | investigations - 
performed by the writer a few years ago concerning the mechanics of piping = 7 


in uniform sands, the material located beneath the structure remains strictly an 


Discussion of the paper by Julian Hinds, M. Am. Soe. E., continued May, 1928, 
a Associate Prof., Foundation Eng., Mass. Inst. Cambridge, Mass. 
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-TERZAGHI ON ARD PRESSURES UNDER DAMS 


ng gradient snail the critical value, unity.* wie ; There i is 3 not even a a shadow ofa a pos- 


7 sibility for r underground erosion. n. The s structure either is safe or else it fails, 
but there i is no possibility for the continued movement of particles. — In con- 


ut the 
trast to the ‘underground consists of strata of widely different 

7 - grain composition, every surface of contact between two different layers rep- 


resents a zone of weakness. The seepage produced by storage starts an exten- 


sive migration-of material within the underground... Asa result of this mi migra-— 
: tion, the quality of the underground gradually becomes either better or worse, 
it certainly “does not remain stationary and it “may take many years 

until a state of relative equilibrium is reached. Tables and 2+ seem to 


furnish very instructive illustrations for these gradual results 


The 
safety, of a piping in a extent on minor geo- 


7 logical circumstances which cannot possibly he anticipated, such as the a area 


and form of lens- shaped beds of moré pertneable material. ‘Therefore the 

"gradual transformation of the underground on ev ery dam should be 2 watched . 


for” a couple of. years by means pipe such those 
by Mr. Hinds. | 


V ery uncertain, also, are the current assumptions concerning . the hydro- 


static uplift below w masonry dams. founded | on solid ‘rock. ‘It should be real- 


ized that a solid rock. foundation with, fairly wide groutable fissures 1 may be 
less unfavorable than another one, equally ‘solid, with many. but very 
row fissures. which cannot be grouted. Fig. 24 shows a cross- section through 


3 the Oestertal ‘Dam, i in n Germany, the “distribution the hydrostatic 
upward pressure as by measurements on May 6, 1910, at full 


_voing T he upward pressure was measured by means of pressure gauges con 


2 
the surface of between the di dam and the rock. 


| 


(Fig. 24), , were ‘measured along a section where, during construction, the gest 


appeared to be tight, and dry ; while. the pressures, AE, were measured. along” 
“sf a section where the rock was somewhat scattered and contained conspicuous 
Va 


water- bearing seams. .. According to Fig. 24, along the first. section, the upw ard 
pressure was almost twice as high a as it was along the second one. The 


gram shows, in addition, how yal variable the. distribution of pressure’ 
be over the base of the same dam. 


_  * Charles Terzaghi, “Der Grundbruch an Stauwerke und seine Verhiitung,’’ Die W asser- 


Proceedings, Am. Soc. C. E., March, 1928, Papers and Discussions, 689. pair, 


§ und deren Die Wasserwirtschaft, 1927. 
|| Proceedings, Am. Soc. C. E., March, 1928, Papers and Discussions, p. 698. ae 

“Unterdruck bei Staumauern,”’ by R. Schafer, Zeitschrift fiir Bauwesen, 1913, 101. 
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om ‘Still y more uncertain. are the accepted assumptions concerning the percent- 
age of of the area of the base over which the a acts. ~The narrowest 


rae 
‘seams: which can be grouted have. a width ¢ ‘of about Js in. , while the narrow- 


est seams through which hydrostatic pr essure an still be tr -ansmitted, have a 


vit 
width of about in. nder the geological conditions at ‘the 
site of the Americ: an Falls -: in Idaho, it seems to ‘the writer that the 
ut anil 


wart 


chose 


Surface of Ground | 


king 


assumption of the pressure acting over one- third the area might have been 
Ly be 1, 
airly conservative. On the ‘other hand, there are geological conditions which - 
nar- 
ja present the ‘possibility that the pressure may act over more than four-fifths of 
_ the base area. This is Jarticularly ‘true in cases where the valley was carved 
I y 
con- 
long 
AB 
» rock 
along 
cuous 
26. 
“out by « erosion ‘through with | a low modulus a elasticity. Due to the 
(by erosion) of the rock which formerly occupied the shaded area 
Vasset- 


in Fig. 25, the remaining rock underwent unequal elastic expansion associated - 


with the formation of cracks and slight mutual displacement of the rock frag- 


ments, As a result of such a displacement, ‘the’: area of actual contact 
the rock fragments may be reduced to a small fraction of the area of. the 


base of the ‘dam, leaving between’ thé rock faces both horizontal and inclined 


fissure too narrow to yield a visible” amount of seepage, ‘yet wide enough to 
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TERZAGHI ON UPWARD PRESSURES UNDER DA 


ig. 24 another great danger. bis, Referring to the pressure line, 
A B, for the Oestertal Dam, t the possibility of active hydrostatic uplift | occur- 


7 ring within the rock at the down-stream end of the section near B, is apparent. 
a This i isa danger that is completely absent at the corresponding points (near 
‘Fig. 24) at the Willwood and American Falls Dams. Such possibilities re- 
quire « careful consideration, particularly in cases where the ‘underground 7 

- sists of horizontal limestone strata or shales. dit is certainly more than a 

mere chance that the majority of the catastrophic dam failures occurred on 

with almost horizontal stratific ation, as for instance, the ‘two Austin 
‘ and the Jumbo Dam. In Fig. 26, a’ (D’ represents a fi fissure between 
two horizontal rock layers beneath a dam, and the water is assumed to enter 
- the horizontal fissure through the vertical crack, aa’. _ ‘The hydrostatic uplift 
acting within the ground depends en entirely on 1 the location « of the crack, b ¥,. 
through which the water can escape down stream from the dam and a also on 
the ratio between the width of the horizontal and the vertical fissures. Since 
these important circumstances ‘cannot possibly be. investigated, either by 
inspection of the dam site, or by | test borings, the design should be based on the 


. to ‘unfavorable possibilities. In: a case like the one e represented i in Fig, 26, 


the greatest danger obviously consists, ‘not in the action of the uplift on the 


base of the dam, but in the possibility that the ‘upward pressure will lift the 
weaker roof of rock down stream from the dam. 


Obviously, then, the intensity of the upward pressure on ‘dams 


depends: to a very large extent on the element of chance ; that i is, on cireum- 
- stances which cannot possibly be predicted except in a very general way. . The 


q most dependable rocks are obviously those that contain a moderate amount of 
irregular groutable fissures, such as those that form the underground of the 


Willwood | and the American Falls” Dams. ‘The grout curtain creates a con- 


"siderable drop of the hydrostatic head at the place where it intersects: ‘the 
current of seepage water ; while, down stream from the curtain, the | open 


ssures facilitate the free escape of the seepage water tow ard ‘the down-stream 
On the other hand, the most hazardous foundation conditions should be 
expected in almost undisturbed limestone and shale rocks that have very few 
vertical cracks, In such rocks, there exists, the additional danger that the 


horizontal fissures may be « open over a large percentage of their area. This i is 


due i 


e in part to the dissolving action of the seepage water and in _ part to the 
_ possibility of unequal expansion of the shale beds a of the gradual removal | 
(by erosion) of soft material contained i in the seams. To ) pass judgment on ‘the 


quality of a dam foundation is one of the most difficult and responsible tasks. 


It requires both careful consideration | of the geological conditions and the 


‘capacity for evaluating the hydraulic importance of ‘the geological facts 


which can « be obtained by a thorough training in the hydraulics of 


xtbooks on engineering contain ‘simple and alleged empiric 


of irrespective the geological conditions existing at the dam site 
4a Such rules must always be considered to be dangerous. _ The young engineer 
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ON UPWARD PRESSURES U UNDER DAMS © 


does not require any expertness. warning should 
be issued against considering the data concerning the Willwood and the Austin 7 


Dams as one “more argument for assuming that the present practice for the 


computation of the hydrostatic uplift is always sound. warnings which 
"were issued on previous ¢ occasions by John R. ‘Freeman, Past-President, Am. _ 
fen. concerning the same subject were certainly not exaggerated, 
every year brings new examples that justify his opinion. Prompted by 
: the results of his pressure observations at the Neyetal Dam, in Germany, 7 
Schiifer* advised engineers to assume upward pressure distribution accord- 
ing to | a ‘straight line, sloping from full head up stream to half head ja 
stream. He recommends assuming that the upward ‘pressure acts over the 
entire area of the base. a Thus, , every set of observations may lead to other con- 
4 
“clusions. Nevertheless, if placed the hands’ of cautious and experienced 
engineers, data such as those presented by Mr. Hinds are of inestimable value. 
th Europe, studying the uplift | and the seepage conditions of dams cna 
ously until they become stationary has become a fairly common practice; and —_ 
it would be of great enn if the same practice would become a routine custom soil 


Cc. M. Am. Soc. CE (by letter). 4—The data presented 


‘eet 


ro paper are invaluable and will aid pete Sy in the design of dams as Tegards . 
uplift pressures. simplified presentation of the maximum uplift pressures 
obser ved, compared with those used i in design as in Figs. 15§ and 20||, is par- 
f the ticularly to be commended. These show ‘the pressure areas: over the entire base _ 
| con- of the dam. ‘ The writer believes this is the proper manner to treat such uplift — 
Pressures in design and also to present experimental data relative thereto, 
open a The author fails to describe the drain- holes in the American Falls Dam. 
tream ‘Presumably, they are independent holes in line with the pressure pipes, A, but — 
‘their spacing and depth are not indicated. ‘Their effect, however, is quite 


apparent in Fig. 20. It is hardly that the pressure lines are straight 


between rows of holes or "between ‘the D- line and -water. _ This shows that 


This question was at at a recent ‘meeting of the 


Committee on Irrigation Hydraulics o: of the > Society, and steps were taken a 
inaugurate some research work on this phase of the subject. ie all 7 
aad? It would seem that uplift in the mass s of the concrete itself is —* par- 


‘ticular ‘ly along horizontal planes between pours and especially when the dar 


engineers are yet entirely ignorant of ‘le bull 


“Unterdruck bei Staumauern,’ ’ Zeitschrift fiir 1913, pp. 
Cons. Hydr. Engr. (Steven ns & Koon), Portland, 
Received by the Secretary, June 12, 1928. 
Proceedings, Am. Soc. Cc. March, 1928, ‘Papers and Discussions, P. 
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HANNA ‘ON UPWARD PRESST URES 


If dams could be. designed so oe the pr pressure: in nee masonry at all p saline 

j 4 equals or exceeds the water pressure at that point, uplift would be taken on 


tak 
of automatically. : This is impracticable in high dams, however, and uplift 


res must be reduced, first, by adequate ‘cut-off walls” ‘and, second, by 


att 


M. ‘Am. Soo. C. E: (by letter). There’ is probably no other 
the design of a dam, on which there is so much guess-— 
work, as’ on the proper uplift to assume in order to meet actual ary 


3 that occur in the foundation of the structure. This paper, therefore, is timely. 
and valuable i in the present period of éxtensive dam building. The fact that 
the U.S. Reclamation Service has provided facilities for observing pressures 
in three ‘different types s of foundation materials, is “commendable, and 
tional similar facilities in other foundations are desirable. ale 
‘The author’s contentiont that: filter bed action exists in the stream beds 
> above overflow dams is ‘undoubtedly correct, but it is of relatively small we 
a portance in the designs o of dams made to withstand the worst v uplift conditions. 
It 1S of extremie importance, however, when it comes to a proper interpretation 
of s seepage data. The paper brings | out this fact clearly. erodability of 


author show s§ that the ‘data. at, ‘the Colorado River Dam neither prove 
. nor disprove Bligh’ P theory of uniform pr essur e drop along the line of creep, 
and he properly ascribes this ‘to the irregular foundation conditions. ‘at the 
dam. In this | connection it important to observe that conditions: of such 
uniformity as to give results in conformity. w ith Bligh’s theory rarely, occur 
in the foundations of dams. Of the four dams discussed by the author, only 
«is 


8 one has" a fairly uniform foundation _ throughout. _ The Colorado Riv er Dan 


is founded on loose, coarse grayel of vary ing thickness, with | parts of the cut- of 
all extending to tighter ‘material. The foundation of the Willw ood Dam 
partly shale and partly sandstone; and the American ‘Falls Dam ‘rests 
‘columnar basalt... In the foundations of all, these dams, “there i is “opportunity 


lateral movement of the, ‘seepage Ww ater due to variations the depth 
“character of the materials under them, | thus destroying the conformity of 


“pressure creep theory with the Bligh theory. On the other hand , the Percha 


Dam founded on rather uniform material as regards horizontal layers 
‘parallel to the axis of the dam; and at this project there j is a more reasonable 


conformity with Bligh’ as might be expected. ‘The sandstone s ‘section 
of the W illwood foundation shows reasonable conformity ‘with BI ligh’s 


i 
Another interesting point brought out by the data. presented by the author 


is the distribution of pressure on the base of the dam. | ‘In the design of dams 


- a Chf. Hydr. and Designing Engr., East Bay Municipal Utility Dist., Oakland, Calif. 
Received by the Secretary, June 26,1928. ari 


Proceedings, Am. Soc. C. E., March, 1928, Papers and Discussions, p. 68 


|| Loc. cit., pp. 696. et 
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‘HAN NNA ON UPWARD PRESSURES UNDER DA 
““ is untae to assume he uplift pressure to act either, on all, or on a frac- 
_— part, of the base. The lack of uniform distribution of ineeeia t is well 
“indicated by the points, B, in Lines 1 and 2 of the Willwood Dam and the 
"points, C, at Stations 11+-10 and 13-400 in 1 the American Falls Dam. The 
_ foundation materials of these dams are such as to make these results’ subject. > 
anticipation. On the other hand the foundation of the P 
Dam and the sandstone parts of the foundation of the W illwood Dam are 


“such as as to lead to the assumption of uniform distribution. .* this connection 


the experiment* of H. de B. . Parsons, bad Am. Soe. C. E ., is of interest. — 


earefully conducted experiments, Mr. Parsons found, for coutined clay, sand, 
ee gravel, that the effective ar area of the base i is approximately 100 per « cent. 

- This indicates that ‘the pressure is applied to to the base, not only by dir rect water Ze 
contact, but by the points of contact of the soil particles with the base. This: 
result is for uniform hydrostatic head on the entire base and is not to be con- P - 


M3 fused with the variation of head from heel to toe of dam 


4 Proceedings, Am. Soc. C. E., ‘April, 1928, Papers and Discussions, p. 941. 
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fe 


IS BEAMS OVER 


3 By Masons YDE AL Lincoun DE, HLawotn DE. wi ESSMAN, 


wh ip 


forris,t M. AM. Soc. ( C. E. (by letter).$— is with gra 


tion that one sees the tendency of engineers" in years to 
calculate stresses with greater precision. This tendency has been. especially 
marked in reinforced concrete design, probably due to the fact that its basic 


theory is comparatively né new and has been developed i ino connection with tests 


in university laboratories, by research workers skilled in this type of inves- 
tigation. The uncertainties of the physical properties of concrete, namely, 
modulus of. elasticity, time yield, and ultimate strength, would not seem to Me 
-eall for as : careful theoretical computation of stresses as might be advantageous 7 

in the older -material— —steel—which well known constant: physical 
characteristics. In spite of this, steel structures are still designed on 
‘sumptions of simple trusses, connected by hinged joints. 
There is no doubt in the writer ’s mind that the steel frame of a modern, | 
designed office: building is just as much monolith, as building 
with a reinforced. concrete frame. In fact, the effect of. time yield of con- 
crete upon the negative dead load moments at the joints of a reinforced con- aaa 


crete frame must be to relieve them to a considerable extent and to increase 
the positive moments at the mid- -spans. 
Therefore, it would ‘seem that ceareful consideration of continuity 
steel frame with well- -designed joints is just as important as in a reinforced _ 
concrete frame. Usually, the joints of steel frames must be designed two 
Tesist wind moments, and if properly designed will ll also care for the joint 


moments caused by dead and live loads. Jewitt 


Discussion on the paper by Oesterblom, M. Am. Soe. C. E. » continued from May, 


Prof. of Structural Eng., Ohio State Univ., , Columbus, ‘Ohio. we 


Reesived by the Secretary, March 19,1928, 
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"HYDE ON CONTINUOUS BEAMS OV ER THREE § 
It 


has writer’s | practice, in designing steel 1m 


al. 


at the j joints frames, w 


ts 


Mr. Oesterblom iWhustrs ates well the fallacy of designing y 
‘methods. ‘The writer would go even further ‘and take 


restraining” ng effect of the s supports. » is seldom that a continuous beam i 
supported on joints which are free to turn. It is usually rigidly connected 


to the: columns, and the be nding moments both must be and 


Ina bent, with equal or nearly equal stor; y heights, the deflection 


equations for any ‘one floor may be written independently, of, the other floors, 


by assuming thi at the angles of rotation of the joints imme ediately : above and 
below are equal to those at the floor under consideration. — A This i is $ equiv alent 
to assuming a hinged- end. condition in all ‘the columns at the mid- story 
height ts. In a symmetrical three- span bent, such as the author treats, this: 


results in two equations two unknown slopes when the loads 


metrical, as they - for maximum span moments and for dead load. 


INCOLN Hype,* M. Am. Soc. C. E. ‘(by letter) 4~The author is is to be 


- eommended for his efforts to simplify, for practicing structural « engineers, the 
frequently occurring problem of continuous beams over three spans,” sym 


4 

“4 

q 


- ‘metrical with respect to end spans, but w ith the middle e span varying from 0.2 
_ to 2.5 times the end span. The limits of his values of at seem to be well 
chosen. For office buildings, hotels, hospitals, ete., the values of will fall well 


"a4 below 1. 0, but for highway bridges in 1 locations where it is desired to provide 
wide middle channels, the values’ of may approach 2 


- ~The writer feels that some designers w will be saved considerable w Ww ork by the 
use of the e author’s table of moment factors | a able 3t), but designers of rein-. 


forced concrete are vitally | interested in maximum ‘shears | and in the location 
of inflection points as well as i in me iximum bending moments. ly 


5 For | his own use the writer r has prepared tables of reaction coefficients le 


Re continuous over three “spans, , the end spans being equal, and the middle 


ms us 
‘Span varying from (0.2 to 2.5 times the end span. - With these tables the 

gner may, with little labor, compute maximum bending moments 
‘maximum shears, and may also locate inflection points. Tables 5 and 6 are 
; herewith submitted with t the hope that they may supplement Table 3, and prove | 
of value to other designer s. They were developed from ‘the well- ‘known } Merri- 2 


man for etrical span 


The w, ‘must 
the dead load or the lad per linear ‘foot as the « may be, and the 
value, 1, must be the ler igth of the end s span, in feet. The dead and live load | 


effects must be added for total effect. yf 


Prof. of Bridge Eng., Univ. of Missouri, Columbia, Ya 
t Received by the Secretary, } March 22, 1928. 
Proceedings, Am. Soc. March, 1928, Papers and 7 719. 
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“HYDE ON CONTINUOUS BEAMS OV! OVER THREE 


bite TABLE 5 —REaction IN THE 


— 


= 


‘Values of x. and Re and Rg. ‘Ri and Re and Re. Values of x. 


9.4031 pa 0.0007 


0.4169 ‘7831 
4196 


9.0388 


4 


= 


TABLE 6- —Reacrion Facto THE Formuta, R = 


n Loap, LEFT- Exp SPAN. -Unirorm Loap, Bora END SPANs 
for Ri. Ra. | 4 ‘Ry and | Re and Rs. Values of 


ddle 


—0.1481 | 
—0,1278 
—0.1000 
—0.0900 


—0.0818 | 
—0.0750 | 


— 


- 0.0691 
—0.0641 
—0.0597 
0.4486 —0.0559 
0.4502 010525 
0.4517 «| «(0.5820 | —0.0495 0.5825 
0.4581 —0.0469 | 0.5812 
(0.4544 «(0.5747 0.0445 | 0.0154 | 4698 0.5802 
(0.5684 ~—0.0403"| 0.0 0.4719 (0.5281 
0.4580 i 0.4728 | 0.5272 
0.4590 .56 —0.0868 | 0.0146 | 0.4736 | 5264 


a 


4469 


0.5368 
0.5352 
0.5888 


| 
ers. | Papers.) | 1963. 
the 
the 
1 is 
sted 
and : 
lent 
tory 
this 
= 
yn- 
02 | 
well 
well 
vide | 
tp 
erry 0.3951 | 1.1731 | —0.5769 | 9.0067 
the | 0.402 | 0.9598 | —0.3735 | 0.0112 4 
0.4089 0.8516 | —0.2735 0.0180 ¥ 
and | | (07857 —0.2143 | 0.0143 
0.6 | 0.4190 0.7412 | —0.1754 0.0152 
erri- 1.0 0.4333 | 0.6500 | 0.0167 
the 
pans. 
= 
must 18 
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Application of Reaction Coefficier nts.— —Using the d: ita of the > author’ 
Example 1,* dealing with Span 12 For full uniform dont: load, and 
uniform live load o over both end ‘spans, 


X 22.5 + 0.4218 XK 60 XK 22.5 630 + 570 = 1 200 Tb. 


The section of ‘zero shear and maximum bending is to. 
5 


630+ 30 + 510 570 


The maximum bending moment 
checks the author within 1 per 


tthe lef ft of ‘Support 2, 
= 660 lb. 


before e. The reaction at Su Support 2 i is, peti ek 
ae. = 0.183 X 67 X 22.5 + 0.5871 X 60 X 22.5 = 1960 1 


+1960 X 4.5 — 127 X 22.5 X 15.75 
2.25 = — 4470 ftlb, 


ther re 


will be no ‘inflection point between Supports: 2 and 8 


200 +1 960 — 2.860 = = 300 ib. 
q ~The maximum bending moment at Support 2 2 occurs under the ‘full: uniform 


“dead load, and. uniform live loads over Spans 12 and 23 ‘The reaction at 


= 630 + 0.4089 60 X 22. 0.0050 x 80 X 22.5 = 1 170 


Harotp E. Wessman,t Soc. O. E. (by letter).{—This and other 


recent papers§ relating largely to ‘moments in continuous spans are foc 


4 


the attention of structural engineers ‘more and more on “ ‘staticall 


minate” a structures. Scientific research has been stimulated and | means are 


* Proceedings, Am. Soc. Cc. E., March, 1928, Papers and Discussions, p. . 719. b “he 
Bi 


+ Instr., Structural Eng., Dept. of Civ. _Eng., Univ. of Illinois, Urbana, Ill. 5 
: J - § “Moments in Restrained and Continuous Beams by the Method of Conjugate Points” 
= ° = by L. H. Nishkian and D. B. Steinman, Members, Am. Soc. C. E., Transactions, Am. Soe. 
 ¢. E., Vol. 90 (1927), p. 1; and “Distribution of Reinforcing Steel in Concrete Beams and — 
= vi oe — ‘S. Myers, M. Am. ‘Soc. C. E., Transactions, Am. Soc. C. E., Vol. 91 (1927), 
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catia methods of. analysis, s o that the designer i in con- 


4J = 


tinuous structures may determine his unknown forese without going through 
long, involved, tedious, and costly computations. — - There has been a tendency — 
j some circles to allow for the unavoidable presence of continuity by large 
factors of safety or arbitrarily selected coefficients, which have been estab- 


lished by well- -meaning authorities for use in specific ¢ cases only. ~The writer 
believes that within the next few years there will be radical developments in in 
z this field of analysis, which will not only check the tendency to shroud the 


 s0- -called “indeterminate” : structure in a cloak of mystery, but will present it in- 
such a light that’ design practice will know it better” and use it n more 


apparently that “statically indeter- 
-minate” structures indeterminate” ’ structures and cannot be 


Mr. Oesterblom, a rather sweeping indictment of 
sities, municipal authorities, , and consulting engineers on what he states is 


‘ae current lange in the teaching of design: or r the actual design of con- 
— structures. — 7 No doubt there are cases warr ranting his indictment, but 


general conclusions are not justified. The writer has been connected. with all 
oo groups mentioned by the author and knows that representatives of each* 


are facing the facts of design for continuous ‘structures as they exist and are, : 
not adhering blindly to. those conventional rules found particularly, rein- 


forced concrete design: and which apply only in a limited number of = 


_ The author takes the familiar three- moment equation in a form. similar 


to ‘that: presented Clapeyron and from it derives expressions for the 
"moments at the critical points: ina three- -span system d due to loading one span 7 


time with a. unit ‘uniform | load per foot. The two outside 
alike and of length unity and the center span is of variable length, x. The 
critical ‘points are at the supports and at or near the center of 


For the system outlined, the three-moment equation is not. particularly burden- 


form 


nat some and lends itself. readily to the computation of a table such as the author — 
makes (Table ‘but when the systems are decidedly unsymmetrical, when 


they have three or ‘more spans, and involve variable moments of inertia, this” - 
method becomes very complex and tedious. Moreover, when the beams or 
- girders are framed into ) restraining columns or walls at the - supports, it cannot 

ordinarily be ‘used at all. ‘The writer is familiar with several methods jo 
computing moments and shears in continuous systems. The one which he 


other . ‘Prefers, is extremely flexible, may be readily applied regardless ‘of the number > 
using —&D of spans, varying moment o of inertia, or or restraint at ‘supports, a1 and | gives accurate 
deter- tesults with remarkable rapidity. This ; method has been used in checking the 
iS are author’s Table 3 and in obtaining results which follow. oe 

nr. bis he author loads one span at a time and computes - “moment factors” for 
point of maximum moment in the | loaded span, for the mid-points “of the 
soints", Uloaded spans, and for the supports. In the middle span, the point of 
ae ye ? fee: * “Structural Design of Bridges in Grant Park,” by C. R. Hoyt, Assoc. M. Am. Soc. C. E.,. 


f Journal, Western Soc. of Engrs., October, 1925; and, “The South Park Boulevard. Viaduct,” 
by T. Condron, M. Am. Soc. c. E., loc. cit., July, 
Papers and Discussions, 719. 
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WESSMAN ON CONTINUOUS BEAMS OVER THREE SPANS (Papers. 


- maximum positive moment is ‘the center r of the span; but in each. outside 
z when loaded, it is approximately at 0.41 from the support instead Lot | 

. at the center. hen For the effect i in the s same @ span due to loads « on the other r spans, 


positive moment oc but. e 


moment due to loading | all the spans, he consequently adds moment 


< 


ordinates which do ‘not occur at the same point. Fig. 
will make this clearer. This is sor newhat incon sisten , but the 

oy 
ca author justifies it by stating that, “on all the spans the lines re aneitl the 

two unloaded effects are comp ensating, and the resultant of the two is almost 
horizontal.” That is only true for the outside spans when x < 0.60 . (See 
Te ible 3. 3.) WwW hen xz > 0.6, the secondary —M in the first span, due to the 

~ second ‘span load, becomes very much 1 greater ‘than the secondary S M in the 


- fy The total combined moment is not exact | (as the author states), but it 
close enough for practical purposes, being 1% in error when 
of center span to end span is 0.5 and about 4% in error when all the spans 

are equal in length. — If all ordinates had been determined at the mid-points, 


error would | vary within nearly the same range. 


In addition, , they dev velop some “restraint, the effect of which is to” reduce 
7 oe M in n the poe of the span and in some cases the -—— -M at the support. 7 
“a Those e responsible for. the codes of the Joint Committee on Specifications 
for Concrete and Reinforced Concrete, both old and new, and the American 
Concrete Institute Code may have had this effect in mind when they specified 
the clear ‘span as. the to be used in 1 determining 1 ‘moments. 
Definite information on this point apparently i is hard to obtain. 
In view of the foregoing, the writer believes that the wale could | have 
vos wa himself some work by computing the span moments at the mid- -points 
only and at the supports. The results are accurate enough for those practical 
purposes: for which the author’s moment fe factors may be used. namely, the 
design of three-s -span slabs, and beams s symmetrical, or approximately s $0, a about | 


the center span and with little or no restraint at the supports. 


4 


author illustratest use of his table of moment (Table 3) 


y to. a typical design three- -span system with a 9-ft. 
After finding 


maximum positive load over all spans and 


moving uniform live load, he ond them with the moments, obtained as 
the oath coefficients, — and — v5? Which were never intended 


Naturally, there i is a large discrepancy 
in the (See Table The author points to this as a very 


i” eee Am. Soc. C. E., March, 1928, Papers and Discussions, p. 715. | 
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common case in which moments are most erroneously calculated. The a 
feels that the 
_much that the average designer would try to apply the conventional coeffi- 


case is the exception rather than the rule, for he doubts very 


‘cients for equal Spans to systems. similar to that of the author, in which 


center span is. much shorter than the end spans. The picture of the 
Physical action of the short center would be apparent enough to 
designers to warn them of high n egative moment at. the supports and ‘the _ 


possibility of neg ative moment over the entire center span. 
aif a he author calls attention* to the value of the mome 


‘the effect on any critical point due to loading in any one 
certain span loads must be omitted to obtain maximum effects. The writer 
would like to call attention to the value of qualitative influence lines for 


determining the placing ge of live loads to cause gre eatest effect at the points 


to be considered. 4 For those to whom the concept of the influence line as s the 
shape of the deformed structure when the’ particular effect is acting at the 
point under i inve stigation is familiar, the sketching of the shape of the 


influence line is only @ a moment’s task. The positive and | negative areas under 
the influence line then indicate the position of live’ loads to give maximum 


gives 3 


te 


t Jay iit 


Load for or Max, 


Load for Max, thes 


— 


= 


effects are also indicated. For the three- -span system, positions of loading are 
apparent ‘to some designers without drawing influence lines, but where ‘there 
are more than three spans, and ‘especially where there is multiple- bent or P 


“story framing, qualitative sketching ¢ of influence lines is of great value. 


Proceedings, Am. Soc. C. March, 1928, Papers and Discussions, p. 720, | 
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MAN ON CONTI NUOUS BEAMS OVER THREE SPANS 


most cases, only the dest: is needed; but, where maximum 
- moments - shears due to a small number of heavy moving concentrated loads | 


7 7 is wanted , it may be advisable to determine the actual al influence ordinates, 


other words, to find the quantitative influence line. It is a matter of 
‘incidental interest to note that the author’s moment factors are measures to 


some scale of the area beneath the influence lines, the scale depending on 


~The author is to be commended for calling attention ‘to the possible 
existence of negative the entire center span, but he sets his 


wid ‘Indeed, the center spans are very severely punished by the end _ span 


— loads, and the span. ratio atio has to reach 0.60 before the danger of negative 


The author overlooks the “effect of vary ing the ratio of This 


does not have to be large or negative moment over the 


“entire even when the center span is is greater than the 


“tension the way across the top as ‘as in the of ‘aie, 
beams, and girders. This is a fact which is often overlooked in “design, 
particularly in equal” span because they are usually designed in 


4 accordance with codes, i in | which the moment coefficients specified ‘completely. ‘ 


‘ignore the great possi 
of the. spans. C Conditions very. often arise, require 4 


in the top across: s the entire length of the system. 


‘The author is also to be commended on his | plea for the separation of 
load live ‘in computing moments. In design, they 
separated, but in reinforced concrete design, it seems to be -auit 


to the prevailing codes of design for reinfosesd concrete which specify mo 
coefiicients to be used for combined dead and live load. wi 
‘Dead load is present over all spans; live load is placed only 1 hain it will | 
cause maximum effects at critical points. The combined effect of the two 
in continuous spans cannot be stated i in terms of a a single coeflicient that ‘will 


cover all ratios of live load to dead load. There are no serious difficulties | 
inv olved in a separation of dead and live e load coefficients. . The distinction 


would be. ‘more scientific, would facilitate p providing for impact effects when 
as a simple proportion effects, would promote 


aed , The chief value of the author’s paper is in the remarks calling otrentitlte 
to the defects in most of the codes: | for t the design of reinforced concrete. 


‘Such ‘defects invite areful consideration of re situation fraught with some 


elements of ‘danger. ‘There is a pronounced tendency — to restrict and guide 
desi ign practice in reinforced concrete by an of rules” 
Proceedings, Am. Soc. C. , March, 1928, Papers and Discussion 
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that will allow no man to astray in his design. ‘It is a tendency | which, 
on ‘the one hand, removes the premium for ability and judgment, 
making: all designers day "laborers, and on the other hand, invites danger 
to the fact that the rules are not actually complete and that they ignore ore actual 
“conditions which may exist in eases s to which ¢ the rules are usually ay applied. 
improved if. were 
patterned 1 more closely after ‘existing specifications for steel design. which all 


attempt to “corral” “structural analysis. 
M. M. —Witper,* * Jun. Am. Soc. C. E. (by +—The writer 


oughly agrees with the ; author as to the danger of neglecting such important 7 
factors as variability in ‘span lengths, loads, and s sections. — The author has 
very 1 ingenuously evolved a table (Table 3}) to facilitate the calculation of 
moments in n continuous beams with due regard to these. factors. 
iu One factor which influences the moments in beams just as certainly, = ; 
' _ been entirely neglected ; that i is, , the restr aint offered at the support to jangular 
deflection of the beam at ‘that point. This restraint may be due to the ‘support- 
; ing columns i in the case of beams, or to the supporting beams in the case e of | 


to “handbook” methods of 


TABLE 7- —Maximum Moments In a. 4, 


OF OLUMN ESTRAINT, 


un R IDED 


i 


vhen | 2B (toward A) 00 
te —2 010° or 
that = 
determine the actual effects of column restraint, the writer used the 
rete. sa ame illustration presented by the author, added » various conditions of column , 
some restraint, and calculated the maximum moments. case is shown in 
wide Fig. 4. It might be noted that within the limits of practical computation the ~~ 
rules Cuban Representative, Fred T. Ley & Co., Inc., Havana, Cuba, 


Proceedings, Am. Soc. C. E., March, 1928, Papers 
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WILDER ON OUS BEAMS OVER THREE SPANS 


‘results would have been the same with columns above eas well as below, 


“moments of ‘inertia being one- half those used i in the case of columns 

only. Ss The results of the calculations are given in Table 7 

‘The results are shown graphically in Fig. 5 The “upper curve 


: “ease is for loadings producing maximum moments; the lower, “minimum 
"moments. _ Only one- -half of the three e spans is shown, as the other half would 


HEE 


ds 


Moment in Thousand Foot-poun 


or COLUMN RESTRAINT ON THREE- SPAN BEAMS. 
‘The cases of restr aint used are quite common in any building and, in most 


instances, the values would be between the nominal value, 3 4, , and infinity. — 
can thus be seen that neglecting the effect of column restraint is quite as wea 
In the case of concrete construction s 
which: ‘was not ‘noted in this paper, namely, "the efecto of 


‘varying from | 1 center to support in the sé same be beam. 
The y moment factors ‘used in so many specifications and 


Nig A 
sections. “Where the actual from these poate 


pe conditions to such an | extent that the code cannot be modified by ordinary 
judgment, the designer should ‘make a careful ul analysis of of the structure, taking 


bf into consideration not only the factors of continuity, span, load, and section, — 


‘but also such important factors as restraint at supports and varying 1 moments { 
inertia in the s same span. sth 


ie author i is to be commended for calling attention to the need of aid 


 * The effect of this factor was shown by Mr. R. ‘Wi Seuetiine in an able arti 
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R. M: Aw. ‘Soo. 0. The speaker notes t that in his 

“duction” Mr. Parsons states that there is little information on record regard- 

- ing hydrostatic uplift in pervious soils and was impressed with this as far back ion 
as 1909. _ However, in connection with the design and construction of Tey 
Dock No. 4 at the Brooklyn Navy ¥ ard, _ there 1 w as considerable discussion on v7 

«dt is apparent, that a dry dock structure is one in which the hydrostatic 


“uplift i is of primary importance. In fact, it is the outstanding condition which C 

‘influences the entire design of the w ork. In all dry dock structures built p pre- 
vious to 1909, with which the writer was familiar, the full hy drostatic pressure . 
incident to extreme high tide, or even in excess of this, if the: apparent ground- : 
water elevation was higher than extreme high tide, was calculated. 
was as considerable discussion at that period as_ to whether or not such uplifts — 


were ere present and active.» One of the theories in ‘vogue then, which Mr. Parsons s 
“mentions, is that this pressure was lessened by a reduction in the area of the 


-sub- grade surface i in contact with water and subject: to water pr essure ; that i is, 
‘the surfaces of the subsoil in contact were thought. to consist of fine particle 
of materials pressing against the under side of the structure which served — 


to reduce the area subject tc to water contact and hydrostatic pressure. | . It was 
- considered that this, i in turn, reduced the total hy drostatic uplift and that this _ 
condition obtained so long as the weight of the structure was in cones of such > 


Pik 


= *This discussion (of the paper by H. deB. Parsons, M. Am. Soc. Cc. E., published in 
April, 1928 , Proceedings, and presented at the meeting of May 2, 1928), is printed in 
Proceedings in order that the views expressed may be brought before all members for further 
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1972 MBEM 0 ON HYDROSTATIC UPLIFT IN PERVIOUS SOILS | 


The speaker had some doubts a as to the aff this in fact, 
he did not agree with it and, therefore, the dry dock was designed to take full 


"hydrostatic uplift. For future information, d¢ devices for recording the actual 


uplift were placed in the dock floor several places. These. consisted of 
eylinders with a lead diaphragm, the under side of the ‘diaphragm being at 
_ subgrade. _ The cylinder projected up into the concrete floor and was embedded 


in it. A plunger or piston with sufficient ¢ clearance so as not to bind in the 


was held against the 1 upper side of the diaphragm by a shaft with 
a capstan screw. . On completion of the dock structure observations were made 

. on the uplift, the piston nm being released f for this purpose. In every case prac-— 

7 a tically full hydrostatic : pressure was recorded on the diaphragm. — In connection 
with» these observations there was provided, through the « dock floor, pipes 
ee with pressure gauges and the observed ‘water pressure on the gauges w as 
checked against ground- water and ti tidal observations, the | ‘gauges indicating 


‘Observations this followed the pressure- -gauge observations 
“on the pipe connections s¢ so closely that the writer was convinced that the 


The speaker regrets that it has eal as yet, ‘been possible to arrange these 
data in a suitable form for publication. The results were, nev vertheless, very 


convincing, in n indicating v undoubted full hydrostatic 


ey Meem,* * M. Am. Soe. The author i is to be commended highly 
for th the painstaking care with which he has endeavored to ‘solve one of the diffi- 
cult problems of applied engineering. :: The speaker has made somewhat ani 
- experiments, although not, perhaps, so exhaustively, with similar apparatus, 
_and has also co- -operated with the author, at least in the early stages of this 
experimental work. He believes, however, that ‘the results of the author's 


: experiments are not conclusive as to the reduction of area of uplift } pressure 
The principal reason for this belief i is that in order to determine | ‘the 
reduction of | area definitely, it is necessary to establish : a definite area of con- ‘ 
tact, a and this contact does not : appear to have been established in any of the | 
author’s” experiments, due to the small area of the can or piston, 


- with the relative size of the grains of sand or gravel, and to the shallow: 
depth—especially in the case of the hydraulic -piston—at which it was 
jected to pressure. For instance, under a microscope this ‘piston would have — 


appeared. as if resting on a few pinnacles rather than on a flat area. Fur- | 

thermore, if the author ¥ was unable to get more than 15% contact 
between the bottom the piston and the botton of the container, it is 


sasonable to suppose that he would not be able to establish a larger area . 


as 


- eontact on loose, irregular particles. In the four experiments which the 


made with hy apparatus to that the author, 
5 


» Brooklyn, N. 


“April, 19 928, ‘Papers and ‘Discussions, 
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ON HYDROSTATIC UPLIFT IN PERVIOU s 


the piston into the s sand, pressing it well down, , and bahland it for varying | 
_ x In order to give a better ‘understanding of this experiment, a section of 
apparatus is shown i in Fig. 7(b). it consists of a hydraulic chamber with» 
piston actuated hydraulically by a pump connected d by Copper pipe to 
chan mber and carrying a gauge reading to pounds. It was found that it took — = 
- about 4 Tb. of pressure to raise the piston when plunged into water alone. a 
| A table v was then placed i in the chamber so that sand could be packed around 
the: piston, leaving the bottom free, and it was found that the additional — 
_ pressure required to raise the e piston did not register on the gauge; and fric- 


tional resistance due to this ‘sand was assumed to be ne than 


. 
tbo “Elbow wh To hydraulic 


The table was then removed, the chamber was par tly filled with sand, , and 
the piston pressed into it, where it was allowed to remain for periods varying 
from a few ‘minutes to 2 hours. The p pump. was § started and the pressure 
- required to lift the piston varied fi from 173 to 25 lb. (averaging about 22 ty 
Siegen, gradually dropped to 4 lb. » when the piston came out of the sand. Raine 


a Even if the friction on the piston due to surrounding ‘sand is deine 


or four times that required to lift it in clear water. rinitsi save 


it should be if there is 100% contact of water or pressure 


“mtd to ‘lift the piston. from and with which it has pi contact is thre ee 


piston; in which friction should be pine under 
theo 


ry. a piston in n the sand, ¢ or is only slightly, depressed into 
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1974 MEEM ON ON HYDROSTATIC UPLIFT IN PERVIOUS SOILS 
to depress the sand further and the action is wedge-l like ‘around and under its 
, gradually depressing the sand away from the piston until it has estab-_ 


.. is an area sufficient to to lift it. Proper contact may be established in many 

ways, but those most. nearly approximating conditions. of. pr actice are: 

"Plunging the piston to. a sufficient depth and pressing it firmly into the ‘sand; 2 
placing a layer. of cement mortar between the piston bottom. and the sand; 


or placing: a layer of stiff clay, s so that in the latter two cases the « action of 
7 the water will be through the voids: of the sand or gravel against the aeeriar 


or clay, raising the latter and, eonsequently,, the piston. ‘Careful 


distinction should be made 
ing partly on piles or caissons. In the latter cases’ ‘the pu may to 


“away from the structure and Teave the area not ot supported exposed | to the full © 
pressure over the re remaining “area. > This accounts for the fact that gauges 
submerged and buried ‘structures may register full pressure, 
if there may not be full area “pressure, on the bottom, top, or sides of the 
structure. | Water under » pressure must eventually op open nm up a a lead if openings 
Or outlets are e: aused to exist, even if the adjoining areas may be ier 


_ from pressure | by contacts extending beyond the sphere of influence. _ Where 
the: structure. rests on . soil, however, | any settlement of the soil results ina 
‘settlement of the structure, so_ that the ratio of uplift area a is x not changed. _ 


Nevertheless, whether the structure rests on caissons, piles, rock, gravel, ; 
or soft it must either be floating or Support. Where the supporting 


various planes, the cross- ‘the minimum argas represents i in 
sum those excluded from ‘uplift | or buoyant pi pressure. This cannot be other 
than a definite fact. The author states that even if. there may be areas of 


soil in contact with the piston or bottom of the structure, other areas of soil 


are pressed _ against these, tending to give full pressure over the whole area. 


This is not in accordance with actual conditions ; that i is, a structure together 


with the soil beneath it, is either floating or it is suppor ted; both | ene 
cannot be present at the same time. 


Rick. It does ‘not appear to the writer t that the question in this case, as to satiate . 


or not ‘the } pressure ‘through soil is static or dynamic, is ¢ important as the 

question whether or not the water pressure exerts against or through 
he ‘Tt is obvious that if an mn absolute co contact is made siaiedeade the soil and the 
24 hydraulic ca p Gn the exper iment referred to), the of. 


This, however, is ‘impr: -actical:with the water or grav 
aa 


or sand ‘level,’ ‘and the writer conceived the idea of i imposing | a layer of moist i 


sand between the water-bearing gravel and the cap or piston, with the wi 


The speaker has made some additional. 


aa be noted here. if Referring to Fig. a), he has construeted, ‘through the « cour- 
y of Mr. J. Moore, of. 4-in. circular chamber 
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ON HYDROSTATIC UPLIFT IN PERVIOUS SOILS 


about: 5 in. long, Ww ith a hydraulic cap and pipe connected by an elbow with 


Papers.) 


chamber. The cap was ground to a loose hy ‘draulic fit. On pouring W ater 
into the pipe it was found that, with the water standing 0. ft. abov e the 


Bek the cylinder, the cap “floated”. This te lifting: a 


2.8 Ib. weight, the bearing sur face of which was 4 i in .in ‘diameter. Although 
“the w eight of the cap had been computed roughly : ‘at more than 3 Ib., it was - 


_ weighed and a Sound to check exactly at ‘ 2.8 lb. b. Th he chamber was then partly 


“filled with: er avel to within 2 in. of the top, and a layer | of sand was put in 

and ¢ covered with a layer of clay « or or putty, it being desired to sh » show what column a 
of water was required to lift the e: cap, t together with the clay, or or | both clay and 
sand, : _ Three trials, which checked closely, showed this column to be between _ 


‘11 and 1.2 ft. Allowing approximately 0.1 ft. for the weight of the sand, a 


column of 1.2 ft. would be exactly double the column, showing 

Tn some > of the jater experiments | w ith the apparatus in Fig. Ta), 

1 there was | 4 in. . of sand | below the cap. ould require a water of 6 
: 

- approximately to lift this, and. about 6 i in. more. to lift the cap, that is, 1 ft. 


in all. Iti is not believed that friction need be considered in so ‘small. a a layer 


of soil, with: the inside faces greased, and it is thus seen that, if the water 
: stood at 8 in. above the top of the chamber, plus the 4 in, below, t this 1 ft. heed 


should lift the sand and cap, or that a 6- in. above the chamber should 


‘lift the cap alone, from clear water. ice 


a minimum of 1 it. 8i in. required to do thie, it would seem ‘indi- 


e of 


e in 


3 in and sand; that is, if the cap alone had lifted it Ww appear 
ther that the pressure acted through 380% of the voids of the sand, or through 50% 


the gravel voids in ‘lifting the sand eap—which | certainly what 


en Since these experiments were made, ‘the assistant, 
Sun, Am. Soc. 1G. E., has ‘made several additional ‘experiments. His findings 
are as Semi : When the water-bearing gravel was placed within 1 in. of the | 
top of the chamber and 4 in. of moist sand was placed « over it, , covered to the | - 


iz by. a clay cap, with the inside of the chamber greased to prevent friction 


and leakage, this clay cap was lifted (apparently) by a column of water 0.165 a : 


ft. above its bottom plane. _ The column required to: lift from clear water was 


4 

approximately 3 3 in., so that 1% in. would show 60% reduction of area | pressure, a 

or 40% effective area pressure. This was repeatedly made with. 
approximately similar results. as may have been. the case, the sand lifted 


~ from the g gr -avel, then the | column of water, acting 4 in. low er, would have: 
approximately 0.20 ft., or 2.4 in., , of which 14 in. was: required to lift sand and 
This. would show 40% reduction. of pressure area, or 50% of pressure 
area effective. Mr. Fisher thinks, however, that the water acted through the 
layer of sand against the clay cap. di 
also 4 found a can forced into a a thin ben of mortar and premed into 
= itil its was 
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of his cz can ‘the and had allowed: time setting 1 up and 


ment, his results would have been ‘different. believes that’ the best 


“way to make the uplift ‘experiment on a large scale i is to use a large piston i ina 


“for: settlement an and adjustment putting on pressure; ; that 


the hydraulic chamber experiments ; made by the writer* with a much larger 


In each case, care was taken to get contact and, a , at the same time, to 
that. the cap or piston was as free to turn as in the case of the — -_ 
is probable, however, that full contac ; cannot be established 
"areas such as this; but this experiment is believed to prove definitely” that 


the uplift area is eine diminished by the presence of sand, gravel, or soil 


il The e writer is “now practically pew (a) that the area of uplift pres- 
“sure ona submerged structure, buried o: or partly buried i in soil, is reduced below 
the » percentage of 1 voids rather than equalling it, or tending toward 100% of 

the whole area ; (b) that the pressure of 1 water is against ; a mass of soil rather 
‘than through it, unless leads, orifices, or artificial voids occur ; and then (c), 
‘unless such leads or artificial voids are made to exist, that the flow of w water. 
through soil is by seepage | than by pressure head and, although 
head influences the flow, the influence is incidental rather than direct, aid in 


proportion to the void characteristics of the soil. — as 


| “Thus in the case of a ship, for example, sunk in the mud at the bottom 


weight of but also the entire volume of “water on top of it.” 


_ This; is probebly, true rue of all structures or partly buried in 


outlet, just as it has been found to grout or pea under 


: ee and can be forced ‘into artificial voids long distances away from the 


«ete into natural voids; but when it has an outlet, grout Soon opens up a 


ut Here it may | be wer that rust, too, will fill artificial voids rapidly, 

but when these are ° filled it will cease to function, except as a protective « coating 
Returning to ‘he: matter of pressure through the speaker, through 
his assistants, continued the “experiments with the apparatus shown in Fig. 7 


Ta) and found that when gr: ‘avel was placed in the bottom of the ‘chamber 


-and sand to a depth of 4i in. was pressed down compactly above it with a a 


; contact cap of grease between the sand and the piston cap, the sand was 
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of water acting through gravel to. raise the sand column, from a gravel con- 


tact than was theoretically required to lift its own . weight, together with that 
the cap. That is, the weight of the cap and s sand together 2. 6 2.8 


= & 4 Ib. which, distributed over 12. 56 in. of ‘area, equalled 0. 43 Tb. per ‘sq. in, 


or approximately : a column of water of 1 ‘ft. which would indicate a contact 
3 from 40 to 50% between the sand aime. It further showed that the 4 


line of least ‘resistance was not through the voids to lift the lighter cap a “a 


which would raise in clear water at 64 in. of column, but rather against the 7 a 
heavy body of sand : requiring a column of from 1. 8 to more than 2 ft This, q 
4 


and previous experiment,* proves definitely that | Ww where there are no artificial 


void, uplift pressure | is greatly diminished | or absent on partly buried sub- 


merged structures; 
history and “record of such structures are full” of such, evidence 


Among typical examples may be cited: (a) A structure concreted to solid 

rock which there are no fissures. and, | ‘consequently, no uplift; dredges 

flooded and. sunk which do not when pumped out and have to be 
“hydraulically mined” ’ to raise them; (ce) hulks half buried in sand which 


cannot be raised through buoyancy alone; (d) tunnels and structures which 


_ do not rise after the soil is stabilized around them, although difficulties are _ 7 
sometimes experienced in holding them down during the exigencies of con- | 


| 
struction ; and numberless others. This is definite evidence that theory 


"practice: must here be in. accord. Sometimes the instances cited are re noted 
as due to suction, but there can, of course, be no suction unless the pressure 
is almost or entirely e luded from the otherwise buoyant area. 


elie It i is generally known that the Holland Tunnel : rose ‘more than 12 in. due 7 


filled to prevent flotation; and it cannot be pour 

hydraulic envelope had been replaced by grout and the surrounding soil sta-— _ 


“bili ed, that there could no be any possibility of the tunnel 1 rising. 
Light back-fill, or friction grip, even if it may be more considerable than — A 


By 


found by the author,t will not hold down a structure which has a water- — § 
jacket, or is under what may be called full buoyant pressure. ‘The writer 


testy 


Esta with the author that it | is always safest to design, where practicable, 
in structures subject to vibra- 


in strut 


tact in the same area. The writer wishes thank F. L. and 
‘Locher, Members, Am. Soc. CG. beck their staff for assistance in making, 


photograph of the sand lifted in a similar experiment made by speaker 
Is Shown in Transactions, Am. Soc. C. E., Vol. LXX (1910), p. 364, Fig. 22. 


i Proceedings, Am. Soc. Cc. E., April, 1928, , Papers p. 945. 
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. Eu _E. Haumos,* M. Am. Soc. E.— —The speaker had privilege 


be } in constant touch with 


~ making the tests ‘and in the interpretation of the results. He believes that 
‘method of approaching the problem and the ‘manner of conducting the 
am) s will be found to be above criticism and ‘that the author’s conclusions — 


4 will meet with the approval of the profession. ib, 


3 these tests and the substantial : sums of money ° which he has expended i in order ; 


to find the answer to a question the solution of which he considered of dae | 


mensurate impor tance for the benefit of the Engineering Profession. More- 


over, there was the agony of suspense lasting for days and often, for weeks 
: at a time when, due. obviously to errors in technique somewhere, results con- 
trary to reasonable expectation were recorded. These errors could be. 


easily detected on account: of the complexity of the elements which, by the 


amount of labor and time the author has devoted 


6 
q apparatus ‘and every of the experiment to be 
44 painstaking | care many times before all sources of e error were eliminated. li fl 
of the experiments were conducted at ‘Stevens Institute and at 
Rensselaer Polytechnic Institute. found that the engineering col- 
leges, ‘Perhaps very few exceptions, ar are not ‘properly equipped to make 


ot of practical problems in their hydraulic laboratories. Ta 


a" case e under discussion, the efforts and the “money of a private individual 


had to be utilized in the solution of a problem which is of interest to all engi- 
necessity of installing modern hydraulic laboratories in American. institu- 
” ast As to the paper itself, the speaker wishes ‘to comment on one point onl ly 
; which’ has not been emphasized by the author, probably because it is some- 
_ In making the tests to determine the friction on the sides of the cylinders, 
e author has found a formula which shows that the average friction per 
inders were embedded, © The total friction per linear unit of perimeter, there- a 
principle in mechanics that within. the limits of the pressures here consid: “desi 
ered, the friction is proportional to the pressure | exerted against the Ce be a 
: Therefore, the pressure of the sand around the cylinder has | been shown to be 
proportional to about the 1.4 power of the depth, contrary to the formulas 
in, the design: of retaining walls, d dock walls, ete., which assume that : 
pressure of both ‘dry and saturated earth- fill i is proportional to the square of 


_ a neers. _ The speaker believes that this is another instance that indicates the 
fa unit of surface is proportional to the 0.4 1 power of the depth to which the cyl 
‘fore, would be proportional to the 1. 4 power of the depth. Tt is an accepted Fi 
height of the backing. other words, the formula gives 


om much ‘smaller pressure than that of ‘Rankine. seems that difference, 


‘which is very substantial, is due to cohesional forces acting between the | 60 

c ticles of sand 1 used for r the tests. These forces are neglected in the formulas | 


On the other hand, 
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n sinking caissons in saturated ground to substantial deptl 
assume friction along the outer surface of the ¢ caisson, 


the v value « of which they find to be independent of the depth, i in other words, 
proportional to the zero power « of the depth. The author’s formula, therefore, 
a gives values greatly i in excess of the friction experienced i in such cases. Ens 

oe In view of the foregoing, the speaker believes that it is well to -emphasi: Le 


m the fact that the for mula given by the author, while cor rect within the limits 


of his experiments and for the materi ial utilized in his. tests, should not be 


ose of deine retaining walls, caissons, or similar struc- 


oT. AWSON,* * Ax Soc. Cc. EAE 


and the ‘sand, simulating the actual conditions under the 


if 


sufficient interval of time had been po ed 


until all possibility of settlement had ceased. This time interval ran from 


ath W hen these experiments were first begun, some difficulty w as experienced eo 


from the expansion of the large cylinder from internal pressure. The difficulty 


was ‘made by that, under settled into 


> 


up to pressures of 30 Ib. per sq. in. oft tiv 
all; The series of experiments were ‘repeated a number of times under different: 


- Toa ads on the piston, and in each instance the upward motion of | the piston 
began at a load approximately equal to the friction ¢ of the sand on the: sic 


of the piston plus the product of the area of the piston. and the pressure per 


ont 


_ This apparatus is still available for further tests, and ‘should it appear 


desire ible as a result, of the discussion of ‘this paper, other _experime nts will 


_ If the upward pressure on a pervious soil is 100%, as indicated gla <a 


"experiments, considerable attention must be paid to eut- off walls not only 


' i ‘on the heel to take care of the seepage under the base, het also at the toe po ale td 
full static pressure from the tail-bay will act on the base. awh 
_ The results from. these experiments bring foreibly to mind another very <n 


e impor tant research on which there is but little reliable data that is, the thrus 
due to a saturated 1 fill on the back of a retaining wall. While retaining walls . 


ef 


4 are designed with a fairly accurate knowledge as to the thrust due to a dry 


fill, little information is available to the as to ithe, effect of sat 


, 


+ 
Papers.) 
| 
7 4 
Tor tne purp le 
_ — care taken by the author to eliminate all possible variables and to secure con-— 4g 
approximate those of actual practice. The plunger 
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this fill with water. Information of this’ would. be particu-. 

larly useful in the design of harbor and dock walls where the effect | of tide 
on the of the wall i is an factor. we 

J." Viroxp M. pny E— The speaker notes with 


that engineering investigators | differ on the: matter of hydrostatic uplift 


soil. ‘When he first came in touch with the question of the 
tunnels under the Hudson River, he was told that there were two schools of. 
engineering thought on the subject. One that ‘any tunnel built under 
2 the Hudson must of necessity float up to the surface by uplift, and then 


float: the t river. Members of the other school insisted it was abso 


has, at some time or other during its construction period, been weighted to 
from Hudson and Manhattan. Tunnels all 
by 

as the superincumbent the comprising the river 
silt, ‘squeezed i in on the tunnel ‘ining and | gave weight enough: to re resist the: 
‘buoyancy of the tunnel itself. Subsequently, the tendency was toward a 


downward settlement that the tunnels are in 


far as the knows, every tunnel built the 


g in the bed of the river causes uplift in 

‘the tunnel below: | “There is no ‘doubt about that; it is a perfectly measurable 
quantity. During the recent dredging of the 2.000-ft. channel in the Hudson 
River to a 40-ft. depth plane, there was a very definite uplift in all the 
tunnels ‘the river, -eaused by the removal of that superincumbent load. 
Many engineers are” familiar with | the fact that all tunnels in Hudson 
Bivens silt pulsate with the daily rise and fall of the tide, sinking as the tide 7 

; - rises and the e pressure on the silt bed increases, and lifting as the tide falls 
and the pressure on the bed of the river reduces. bint feats one 
ee It is equally certain that any tunnel under the Hudson can be lifted bod- 
‘ily by pumping stiff puddled clay, or some material like clay, through the 

The tunnels normally remain stable and stationary. under the river; 
ES but there is no doubt that a tunnel can be lifted if that were desired for - 
og reason. Tt can be raised - and uplifted by high-pressure pumping of a solid 
Ast 10 the distribution of the | pressures over areas, the speaker has 3 never 

had the assurance to do otherwise than consider 100% of the hydrostatic uplift 


uni ormly distributed over the entire area of structures that were 


to be in contact: with water. 
the As an example, in the Hoboken | ‘Terminal of ‘the ‘Hudson ? unnel System, 


es a station structure wa as designed as a box with complete arched i inverts, partly. 


in silt and partly in | sand. In that case the entire’ structure was desiumel 
to 100% against hydrostatic uplift. T here wee parts 
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Papers, ‘HOMSON ON. HYDROSTATIC IC UPLIFT IN P PERVIOU SOILS 
‘aes and in those sections the speaker had the space under the 

platforms filled with concrete to increase the loading agi ainst uplift. These 


_ localized areas were (a) at the east end F of the station | where the silt was | 
Vv ery soft, being near the water- r-front; and (b) where the cone ourse Gow above 

the: main structure reduced the amount of back-fill forming | part of the super- — 


ie: Any man would be quite brave who attempted to design structures of this yet 


character, without allowing fully for the entire hydrostatic uplift, uniformly 


Lazarus Wuitr,* M. Am. Soe. C. Eg. —As a a result of experiments ence 
in 1910,+ the speaker was rather inclined toward the belief that there was not 
100% hydrostatic uplift on ‘structures built in pervious soils. P arsons’ 


Tester 


tests were made with the expectation of rather cor firming the same views 
and when the results were found to be inconsistent with his ideas they were 


"studied very “carefully. ‘The speaker has been unable to find flaws : ir 


The question arises, How can one reconcile the older tests with those made 


the author ? They were both honestly ‘made and they are radically « different 
in their ‘conclusions, The ‘speaker believes that the latter were conducted 
under truly static : conditions and the former under dynamic conditions. Tn 


- the older experiments there was a flow of water in the sand and ; a big loss. of 


> As Spencer has said “there is some truth left in every error”. However, _ a 


—s | Yecause there is an ‘uplift on 100% 0 of the area it does not follow that there © 
the. 1 is 100% pressure, except in the case of a truly” static condition, which does" 
ool. usually exist in construction work, It is, therefore, necessary to mul- 


Jeon tiply a 100% area bya a pressure which i is Tess than the full hydrostatic pressure. 
tide | % Suppose, for instance, that there is 100% « on a concrete floor in a coffer- 
falls dam. ‘Through leakage there ‘isa reduction of head, ‘so that the total 
hie uplift is much less than the maximum which can be ‘computed. For that: 
“bod “reason those who have constructed coffer-dams incline to the belief that uplift — 
1 the “does not act on the full area. The true explanation i is that it is acting on the 7 
river? full a area, but - not with an intensity corresponding to (100% of the meal 
of head between the inside and outside water levels. 

- solid It is well known that 20 ft , of head can be supported by 1 ft. of concrete, 
provided the foundation material is well under- drained and the leakage 
never fy Pumped away. Of the concrete, 1 ft. will suffice because allowing that flow 
uplift gives a tremendous loss of head between inside and outside. In quite ea number — 
b Ww rere of cases the need of allowing for 100% ‘uplift has been obviated by } permanent — 


under- -drains and pumps. is a natural condition as much as anything 


else of which the engineer may take advantage if he sees economy in “it. side 
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‘that in had placed or giving test For” 
“instance, in each and every case there is a . difference in the arrangement of 


the more or less 1 natural cementing material, and. there | is no way of telling : 


how 1 many thousands of pounds pressure Nature may have exerted during the 


In Western New York State the speaker has seen hardpan, or glacial drift, 
= in some former age had been placed under an unknown depth of water, 
at an elevation of more than 1 200 ft. above | sea level. One might almost as" 


well pulverize concrete and then expect it ‘to act ina laboratory as if it still, 


An accident i in ‘one of the Hudson River tunnels would be appalling. 
ever, the fact ‘remains: that all the ‘Hudson River tunnels are lighter 
i 
water and are subject to ‘slight daily variations in level-rising and falling 
inversely as the tide, although, ‘of course, the theoretical hydrostatic uplift 
should depend entirely on the difference in elevation between the top and 


of the tunnel and n not on the total depth: of the water. 


on n the roof than on the bottom of the tunnel, allowing the water to be yieod a 
away from the base, so that when the tide rises the tunnel i is forced down into 
the silt, reversing the process as the tide falls. - While no one can prove that. 
_ they will ever be wrecked, no one can prove that they will not. it wou ld be 
than f foolish to make this statement—except as a warning againist con- 
“structing future Hudson River tunnels on the same basis as the. present tubes. 
Beyond a peradventure of a doubt, perfectly | safe tunnels can be built, and 
much less money, in the Hudson Rive 
tre circular ¢ caisson, carried to hardpan in Lower New York, with uonictete 4 
ft. above the cutting-edge in the working chamber, was lifted by the water > 
"pressure and had to be removed, at a considerable loss. On another occasion 
a large rectangular caisson resting on rock— -at a depth of 19 ft. of water in 
- the Susquehanna River, w ith the 6-ft. w orking chamber filled with concrete and : 


= concrete also ‘placed above the deck—was lifted by an unusually high tide 


= and had to be towed away and destroyed. In that case if there had been 1 ft. ; 


e oe more of concrete on the deck, the mass would have been heavier than the Ww ater 3 


“E displaced. Each and every foundation is apt to have certain conditions not 
~ found elsewhere and all the laboratory + tests in the world would not eliminate 
the: necessity of using one’s best judgment. al Iti would appear, therefore, t that the 

“only safe rule for uplift is to use 100% of the hydrostatic head. 

 Danten E. Moran,* M. Am. Soo. C. E. —The speaker would like to empha- 
sine two points. When water | is moving sand there : static condi: 
over, there is capillary action. If the base of a . layer of fine sand is png ‘the 
In laboratory experiments 
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second point is in making -variou tests the laboratory 


it 

became very ¢ evident to the speaker that if he loaded sand in. a eylit ndev the 

forces transmitted from the loaded piston to the platen went partly through 
x 

the sand and partly thro ugh the cylinder. He then substituted for the platen 

two pistons, one on the top and « one on ‘es bottom, » with only a relatively 

small volume of sand i in the cylinder, 

When the speaker applied the load on the top piston and tried to measure , 

‘it on the bottom piston, part of the load was being transmitted through ‘the 


tnd and part through the walls of the cylinder containing the sand. ome 


fore, he had to be very careful in reaching any conclusions. 


The author’ experim nents were undoubtedly accurate and "designed 


tl > 
‘secure accurate results. — The only mystery 4 the speaker is that he did “not 


was formed by cutting off the top of a hill and depositing the ‘excavated mate 


ly rial around the edge to form an enclosure ‘about 3 mile wide and 3 mile long 7 
ed The excavated material, was, ideal, consisting of about -thirds sand and 


avi ‘ee The dam was as built in 8-in. layers and rolled with a 10- ton grooved roller. 
mm No stones larger than 8 in. in thickness were e included. ' The resulting material — 


on- § had nearly the nature of. ‘concrete. ‘This part of the dam (which formed 
ee the inner portion) was called the “impervious embankmen t”, and it prove ed 
and to be quite impervious, about 180 ‘thick at the base, 30. ‘ft. at the 


top, and it had a maximum height of 42 ated materi ial, ‘including 

te4 Bf boulders, was placed around the outside in 2-ft. lay ers Ww ithout rolling. eit 


ater _ About four years after the reservoir had been filled with w ater, the work | 
nn Ba cutting through the dam for the purpose of tapping the lake w: as under- 


rin @ taken. The material was found to be dry and acted like concrete, there being 
x0 curve of leakage, such as that described in textbooks. This condition 


tinued until the original | ground surface was reached and. WwW hen the 


rater original 2, emall of w about 2 ft. in ‘This 
a was bailed out, and the material was excavated with a shovel until the w: ater 
mate began coming through the > fine sand | lenses in a manner similar to’ that 
t the bserved in the “excavations outside the ‘reservoir. The level at which this 


a “Water pee was 21.5 ft. below the surface of the w ater in ‘the lake. As 


ats : ‘the excavation proceeded, this condition gradually developed over the entire 
eal | area of the bottom and sides of the trench below the level of the original sur- 
% 


j bay | 


As the trench was being excavated and jus st before the w appeared, a 


i; 
peculiar hissing sound was heard. ed ‘This. was found. to be caused by air which 
was being forced | out ahead of ‘the w ater. If upward pressure w as present 


to any extent, why. did it not push up the soil in the bottom of the trench? 


Did not the presence of the trapped air ‘cause an additional - weight to act 
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against hydrostatic, head? During the constructio n of the gallery, the 


seepage into ‘the trench ‘amounted to only gal. 24 hours. This was 


‘The speaker believes es that the conditions surrounding a foundation x placed 


in, 1 water- bearing material, can be compared to a U-tube closed at one end, in 


which the water in the open \ leg i is a by the foundation itself, together hi 
with that Portion the ‘material under the foundation in which air “a 


conditions surrounding a river caisson only. In ‘such a case the 
* upward pressure would equal the full hydrostatic head ad plus ‘the “upwe ard pres- 
sure caused by the weight of the semi- liquid material penetrated by the caisson. 


7 he experiments do not seem to cover all the cases of foundations construc ‘ted. 


pervious materials below ground- water level. “ val we 


ALLEN” “Hazen,* M. Am. Soc. a EK. (by letter). +—This paper presents 
a eareful experimental investigation of one of the fundamental conditions of 


_ dam construction. Iti is no less valuable because it affords a ‘complete con- 
-firmation of ideas long held by many members of the Society. It should lead 
to the discard of all less complete allowances. 


arias The effect of uplift from water pressure is not confined to material below 


tuts) 
the base of masonry _ dams. ti It may also. exist in any part of the structure 


- where the masonry is pervious | unless adequate interior drainage is provided. 


In cold climates frost may cause a temporary sealing ‘of outlets at the lower 


face of the | masonry and this, in turn, may result in development | of full 


“pressure in the full thickness of adam. = 


The effect of uplift is to reduce the and’ strength of the dam. It 
- tends first to overturn it and, second, to take off weight and reduce the friction 


he resistance of aadeoel matevials to sliding is not known with any satis- 


py awiss degree of definiteness. There is reason to think that with some softer 


rocks, the resistance ‘to sliding i is not in proportion to height and weight; ‘and 

- for high structures it may be much less than. has sometimes been assumed. 


~The Panama Canal slides furnish | an illustration, from an entirely different 


ield, of the low coefficient of friction of soft rocks at high pressures. | - -Experi- 
ence with harder materials and lower unit stresses may not be a safe geide| for 


soft rock. Masonry dams have failed by sliding ats frequently than by 


Looking : at the matter broadly, the problem of dam design needs to be 
managed with a strong hand. Dams and reservoirs ‘must play an important 


hay 
ie part in the future development of this country. They n must be made strong 

aye enough ‘and safe enough so that the people who live neat them as w ell as = 
eF ho build them and benefit by t them will be assured of their safety. 4 


ee a In the past, some dams have been built of ample proportions strong enough 

all There are many dams in the United States th: at would 
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stand if filled with a liquid twice heavy 


earthquakes do not seriously ‘shake or touch them, On the other hand, 

| there are many dams that would not stand such ¢ a test. Too many dams have 
d f failed to reach the point of actual stability. 
Engineers speak of a factor of of safety, but the term needs to be defined 

er § more closely. — In a steel structure the factor of safety ‘may mean the ratio 


between the | seuiales: at the assumed loading and the ultimate strength of the 


& steel, but no one thinks that a load corresponding to the ultimate stress could a “a 

» be safely applied. Engineers speak of a factor of safety of 4, but really they ag 

- believ e that something like double the assumed load would probably be held. 

he ‘val It 1 may be somewhat the same with dams. When a a designer states that a_ 

of ‘safety of 2 2 used—based no doubt: on some rather arbitrary 

on, is much less than 2 

ted Tt: may that. it if. more It certainly, does not 

‘mean that a liquid, twice as heavy as water could be ss afely held. 

nts ih It may be earnestly hoped that some one w ill ‘set up an authoritative re iey 

0 of dam design that will lead to the construction of dams that would be stable a 

on- § and safe if subjected to pressure from: a liquid much heavier than water. If 

ead this. could be | done, it \ would tend to restore confidence in dam design and — 

construction ; and | even if some of the works to be p presently constructed, 

low should cost somewhat more than they otherwise would, s some such policy is 

ture needed and will tend to the ultimate benefit of all concerned, 

— uplift acting through sands on the bottoms « 0 of seals, cellar floors, and other - 4 : 

full structures, is so simple and clear a hydraulic phenomenon that it is more | 

ult to account, for the attitude of « engineers it 

compute ite intensity. 
aspects of hydrostatic. uplift, acting through sands were 4 

convincingly presented i in 1912 by A. Franzius,t and it is almost inconceivable 

vet that. the opponents, of Mr. Franzius§ could fail to. realize the weight of his — 


arguments. Gaede, in 1917,|| and Engesser, in 1919, computed the intensity 
ll of .the., uplift. acting through sand, assuming that the area of contact a 
im 


contact betw een curved surfaces pressed against each other). The com- 

putation led to the conclusion that the hydrostatic uplift acting ona surface ) 


in contact with the sand should range between 971% and almost, 100%, of the 


‘ydrostatie uplift « exerted by water, provided the modulus of ‘elasticity | of the 


erent between the individual sand grains" is determined | by the Hertz formula (area 
erent 


de for 


lus of elasti 
iii sand ¢ grains ranges between 100 000 and 500 000 ke. per. sq. em. , and that the 


pressure acting on the sand does ‘not exceed 10 tons per sq. ft. The fraction 


pane of the area over which the hydrostatic uplift does : not act should, according to 
. hon theory, be independent of the size of the grains. f These theoretical - results 


* Associate Prof., Foundation Eng. , Mass. Inst. Tech., Cambridge, Mass. wt 
pe Received by the Secretary, May 3,1928. time 
t Zentralblatt der Bauverwaltung, 1912, p. 583; 1913, p. 617. 
§ Loc. cit., 1912, pp. 522 ane 617; and 1913. 4 
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agreed with the results of the experiments performed in 18 86 by Brennecke,* 


in (1887, by Forchheimer,t in 1916, by Schaper, $ and in 1917, by Busemann.$ 


They also are in very good ¢ agreeme nt with the results of the tests performed i in | 


1926 by Mr. Tsin Hsiao, at the Massachusetts Institute of Technology, under 
the s supervision. of the writer, and in moderately agreement with 
arr | 1 ALN the tests, including those of Mr. Parsons, were based on the same prin- 


mely,.n measuring the at the instant when the forces 


fact, in 1917 ‘that ‘the test results thus obtained die: 
"represent the hydrostatic. uplift which acts 0 on the base of a pier before an 


actual uplifting occurs. However, his arguments c ‘an considered con- 


_ elusively y inv alidated by the results | of Gaede and the computations of Engesser. 
fom As a matter of fact, the data and assumptions on which the theory is 


based, are so plain and the range of possible error associated with theory is so 


small (if compared with the importance of the errors which are apt to be con- 
nected with laboratory tests in that ‘particular field), that in all « cases where 
test results are in conspicuous contradiction with theory, -investig: ators 
should first direct their attention tow ard finding errors in the testing method. 


It. should be kept in mind that a real contradiction between test results and 
_ theory—that is, a contradiction which cannot. be accounted for by errors of 


observ ation—would mean that there is an error in the fundamental principles 


of hydrostaties, and there are not many sciences s which rest on so stable a 


‘There such a instance, “between the results of # the 
Engesser theory and the conclusions reached by Mr. Parsons concerning the 


‘uplift. According to theory, the ‘thickness: of the layer, of sand between ‘the 


base of this structure and the ‘impermeable bottom below the sand should be 
without any effect on the hydrostatic uplift, provided it is at aa _— to 


i 


several ‘ieee the diameter of a sand grain. 


“uplift is reduced when the depth of the ‘soil is “The writer 


as 


believe s that the apparent influence of the thickness of the layer was due to 
‘ 

: the air content of the sand beneath the base of the can. Undoubtedly , Mr 


hs as had experience with sand experiments knows that it is almost impossible 


MEL TO Dal 


allowing the water to enter 
chance to escape f freely i in an upward direction, it was found by weighing 
and by computation t that, within the saturated : space, more ‘than: 30% 0 of the 
voids remained filled with air and the degree of saturation increased “very 
slowly as time passed. ‘Tf it has no \poseibility of escaping in an upward 


- direction because of the presence of the bottom of the « can, it is ney to be 


Zeitschrift fiir Bauwesen, 1886, p. 101. 
7 Zentralblatt der Bauverwaltung, 1887, p. 


cit., 1916, p. 514. 


Parsons: has done his best to exclude this source of error, but every one e who 


to exclude the air entirely. Thus, for instance, when saturating a sand by 
gh a permeable base, thus giving the air a 
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Bex xpected that: the air ever died ypear com dletely. One. of the ossible effects 
Pl p 
™S Bof the : air content on the hydrostatic. ‘uplift, if by high- head tests, 
in ean be e xplained by Fig. 8. i? The dotted line indicates the size of an air bubb le 
at the outset of the test. As soon as the water pressure goes up, the bubble — 
ith becomes smaller r and this, in turn requires | the w to flow toward the 


bubble. the head required to overcome he resistance against flow 


eauses an apparent increase in the pressure to lift the an, 
» 


and the head required | 


itors: 


hod. 


In the tests which were performed in ‘19: by Mr. Tsin Hsiao a 
Massachusetts Institute of Technology, the diameter of the can was 5 in. 
iadip In order to reduce the effect of any trace of air. on the test results, the sand be 7 
lea a placed on top sof a layer of « coarse sand (g rain size, from 2 mm. to 6 6 mm. sy A 
"~~ fw that the distance between the bottom of the can and the top. of the coarse : ui 


sand was nearly equal t tol The results of the tests: were as follows: 


the 

static Effective area, in percentage... 99.25 99. 85 99.50 50 99.2 

1 the tiicidoving these figures and the fact that the results obtained by Mr. ‘Par. = 

ld be 9 us are as far from being as consistent with each other ‘a: those obtained by 


“a to Brennecke i in 1886 and by F orchheimer in 1887, the writer hesitates to rant 
5 the his conclusions concerning the ¢ effect ¢ of the thic ickness ¢ of the lay er on the inten-— 7 
vriter tity of the hydrostatic uplift. . The v writer is inclined to ‘consider this effect | 
ue to uclusively as a result of various imperfections of the testing method. 


. fer, as a whole, ‘Mr. Parsons’ tests furnish figures that ¢ are at least of the same — 
> who ‘order of magnitude as those which ought to be obtained according to the laws 7 a 
ssible af hydrostatics. Hence, it is hoped that they will serve their purpose of 
nd by § jimonstrating to the skeptic members of the Engineering Profession (for: the 
air a sxth time since 1886) tha the uplift: acting: through sand really is 
ghing vearly 100% of t the uplift. acting through water, provided the rground 
of the consists of almost cohesionless sand. if Mr. P arsons succeeds achievi ing 
very ihis pr purpose, his efforts will certainly have ‘been well worth while. 


| Par more difficult i is the question concerning the hydrostatic “uplift, acting | 
through fine silt i and clay. For measuring the uplift in such materials, no 


utisfactory experimental “method has been found thus s far—Mr. arsons’ 
method. included. The e theory Engesser_ also” loses its validity because 


every soil. grain is surrounded with a layer of adsorbed water which has, for 


all j intents and pt purposes, the properties of a solid. No hydrostatic uplift can. i 
— 
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through this layer, of which not 

nore than mm.; it may be thinner. or grains, the presence. of 


‘this layer can be. neglected. — Hence, for such materials , Engesser’s theory is 


accurate enough. However, for grains the size of very silt and clay 
particles, t these layers are apt to become an item increasing importarice. 


‘Pressure Pow Unit of Ara 


For evaluating the the water o the hy dro- 
‘Static e uplift, assume that the bottom of a can is supported by | lens- -shaped 


grains arranged as shown in Fig. 9. al The | grains touch each other at their 
flat sides. _ Each grain is ‘surrounded with a skin of adsorbed water with a 


thickness, F (Fig. 10). Since, at the bottom of the can, the area exposed to t the 
uplift i is smaller than that between the grains, the computation must be mn: ade 


fora section beneath the first row of s (Fi ig. 10). 


Let E : — the modulus of elasticity of the 


= the radius of their vertical projection ; ‘gadis 


nr = the radius of curvature of their surfaces of contact; aa 


p i= the downward exerted by the can on the sand (including 


cat fh = = the radius of the area over 1 which no hydrostatic uplift can act; 


= = the : proportion of a unit of area of the base u upon which no hydro- 
can act; sand, ad 


the angle, a@, is very he radius, x, is almost: ‘equal to, 
a a. 2 R R) = Qnr (a A R) 


J 
Ld 


For R, the of Hertz give the term: 


‘Pap 
— 
in 
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Effe 
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iber of points of contact per unit of area of the base is 
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‘Papers, TE ERZAGHI ON HYDROSTATIC UPLIFT IN PERVIOU! SOIL 
‘The area over which the hydrostatic ‘uplift cannot act is, 


1+ 1.947 


= 1.57 


3.053 


in which, C, = —- and C, 3.05 


rom Equation (1) the value, F, is found to be independent of the grain 7 
size, the , is so small that can neglected. In 


20 000 ak 


may assume tentatively that R 5r,orn = 5, 


If these values are introduced into ‘Equation (1), the r results ¢ obtained 


(A) GRAIN Size, 0.2 Mu. (r: = 0.01 Cm. 


0.000500 (0.00850 


SiZeE, 0. Mm (Limit BETWEEN SILT AND Cray, r = 0.0001 Cm.) 4 


«0.00416 


Brtectiv, 
Mtective area, in pereentage.. 


= 
1989 q 
t 
no ng 
y 1s 
clay 
al 
‘ mately be, assuming that d is equal to or smaller than m.=0.00000;cm. ff 
EO Sand grains touch each other at some points of contact along flat surfaces; at &§ 
a others, there are corners resting against faces. For average conditions, R =r, q 
ad 
made 
pres- 
since 


in nT able 8 (A) show that there is no possibility of 


accounting for an effect of the presence of sand or grav el on the hydrostatic: 

uplift in excess of about ided Jaws of ips drostaties are “The 


‘measure don cflcieney of testing’ arrangement. 
In connection with the figures quoted in ‘able 8 (BY) ‘it — be, remem- 


_ bered that the films of adsorbed water which exclude the tran: smiss ion of ee 


- static uplift, also produce an adhesive bond betwee n the part icles. In other 


words, the greater the pressure e-reducing effect of the films, should 
> 
is conclusion agrees empirical” 


if wiih: a clay = 5, w ith of 


> 


greater its cohesion, _ the ; greater should be the pressure-relieving effect of the 
presence of the substratum. on the hydrostatic uplift. Absence of cohesion i is 
a safe indication for almost 100% 1 uplift. 
ft In connection with the sealing of foundation pits, prior t to unwatering the 
er space, there i is still another factor which requires serious consider ation. 


E 


cross- section a round or a square foundation 


1 somewhat. permeable 


7 aK = ball 


« 


Let F = the area of the bottom of the pit; 
* 


the coefficient of of the 


apermeable 


= the loss of head due to pereolation the 


through the ai is equal to, 


flowing 


Sas 


> 


ait 
| 
— 
the 
« 
— 
4 act 
the 
tial 
: 
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the 
— will 
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| 
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! 
static ‘uplift due to percolation, is therefor 


h 
te 


n times the underground; 
, the are a of the pit, is 100 sq. m. (about 1100 


3 ft. Under these conditions, the drop in hee ad due 


wat: 


> ge h = 93. 6 ud 


- provided the underground i is not stratified oi that it is nani permeable | to oe 


ery 


great depth. In practice» the underground almost always contains layers | and 


"seams of silty material that are only sli ightly permeable, and the corresponding 


From all these | considerations, the writer draws the following conclusions: 
The difference between the hydrostatic uplifts measured by Mr. Parsons on 
the bottom of the « cans | and the hydrostatic “uplift exerted by plain water may 
} 


essentially be due to various imperfections o of. the testing The same 


seems : to be true for the apparent effect of the depth of the pervious: ‘soil on the 


‘intensity of the hydrostatic uplift. apparent contradiction een. 


“theory, according - to which practically 100% of the hydrostatic uplift should 


1 act through cohesionless materials, and engineering practice w hich shows that 


the uplift through such materials i is ‘sometimes very much smaller, may essen- 


tially be due to the pressure-1 relieving effec tof see page through the see al, x 
Seepage through joints in the enclosure, and the adhesion between ‘the seal 


and the enclosure of the pit. On the other hand, if the underground has an- 


wit 


| geo ‘cohesion, the low value of the uplift may be due, wholly or partly, 
to the physical character of the water enclosed i in very narrow spaces. : 


Knowing by experience the ‘great amount of time and painstaking Jabor 


“required to perform an investigation of the type described | by Mr. P 


the writer wishes to express his appreciation, and it is hoped that the ‘paper — 


serve its purpose of clearing up the prevailing misconceptions concerning 
r 
‘Frank S. Bate BY," Assoc. M. Am. Soo. C. ‘E. (by letter). author’s 
"researches have provided welcome addition to. the fund of 
i Received by the May 25, 192 
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knowledge. The experiments were repeated so many and the results 
_ interpreted so carefully that there seems to be no question as to the reliability 


_ of the conclusions. = They should bring to an end the uncertainties and differ- 4 


By 


ences of opinion which may have hitherto existed. oe ail 
fe; Now that Mr. Parsons’ experiments have been published, it is to be expected 

: that records of similar experiments or of measurements of uplift | pressures on 


various structures will be added. By coincidence some records of this nature 


have appeared, * "describing uplift measurements | made by the ‘U. Bureau ¢ of 4 
Reclamation on several dams. Two of these records— —the Colorado River Dam, 


_ on the Grand Valley Project, in Colorado, and the Percha Dam, on the Rio 


Grande Project in New ‘upward pressures “under dams which 


Records of uplift pressures on the Pinhook Dam, at Maquoketa, 
_ on the sland Park Dam at Dayton, Ohio, show that both dams rest on sand 
and gravel foundations. ft These « experiments showed that, unless the bed of the 
stream or reservoir above the dam was sealed by silt, the uplift pressure on the 


=% 4 bottom | of the dams on sand and gravel foundations varied from nearly full 
head at the up- -stream end to the tail-water head at the lower | end, diminishing 
‘more or less closely to line- of- -creep” theory. 


published, it appears that his as to ‘full hydrostatic head i in 


ks a useful service to the Engineering Profession in this presentation « of 


the information derived from his ingenious and carefully conducted experi- 


‘ments. While it may be true that his conclusions are not ‘entirely new, they 
are so definitely confirmatory of previous. experience along similar lines that 
_ there is no longer any valid reason for the assumptions frequently made. th: at 


water pressures exert ess than of the theoretical 


due to their heads. 


of the re pressure applied a structure on the to this 


he hydrostatic uplift. A building with a water- tight basement situated below 
water evel would apparently ‘suffer a reduction the amount of weight 
~ normally applied to the soil by the quantity of water displacement represented 


and, in many instances, this may be a consider able factor justifying somewhat 
higher load values than would ordinar ily be used. 


sit 


Likewise it is to be noted that account is frequently taken of the weight of 


=, vil removed 1 in the process of excavating a deep basement in determining the 
, a net increase in unit loading which the structure imposes: on the supporting 
stratum. T he usual practice has been to calculate: the weight of material 


Hatin according to its weight in free air. If, however, | the ‘excavated 
‘au 


s/t eal “Upward Pressures Under Dams; Experiments by the U. S. Bureau of Reclamation,” by 
Julian Hinds, M. Am. Soc. Cc. E. , Proceedings, Am. Soc. C. E., March, 1928, —* = 
a; Proceedings, Am. Soc. C. E., April, 1928, Papers and Discussions, p. 1349. ‘wedi . 

s 
§ Received by the Secretary, June 2, 1928. 7 
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evel, it ‘may assumed ‘that ‘the removed in the ‘process of 


excavation is less than this amount due to its immersion in w ater. Of course, 
if hydrostatic uplift i: is assumed to reduce the weight | of the structure this » 
r need not be considered since the consider rations” offset one anotl 


While the title of the paper refers especially pervious soils, the author 
discusses briefly some of his experiments with clay instead of sand. 
‘matter of fact, it is doubtful if there are in Nature any actually impervious | 
soils. ‘fixperimenta, which have been made “seem to indicate that even the 
densest clays will permit some passage of water, although | at an . extremely low 


ve ‘elocity Under these circumstances ‘there ‘would seem to be no good 
eason for differentiating between the so-called Laces vious and impervious soils - 


ne 


When a basement i is within an excavation in a soil, 


7 “there 4 is danger that surface water ‘may be admitted into the porous back- fill 


around the outside of the basement walls” which may upon occasions supply 
7 temporarily a a pressure at the level | Pa the under side of the basement: floor- 7 
‘slab to that of a a water- r-head of ‘the fall depth | of excavation. Usually, 


yer, that water pressure from | as that: will ‘act find 
way into the seam between the masonry and earth and thereby exert its 


An instance of this sort occurred a fon years ago in connection with a 


= mere antile building in Boston, Mass. The basement floor was” laid directly 
that soil of the type recognized as impervious in character. al The 
tical _ space surrounding the basement wall was back- filled as is more or less cus- 
tomary with material of ‘porous character “consisting of waste plaster, bricks, 


and the like, with the result that when a heavy rain ‘occurred shortly after 


2 the completion of the building, the voids in this loose back-fill were completely _ 


below “filled: with water up to the surface of the ground. A few later the 
o 
eight basement floor which had not been designed against uplift was forced upward - 


_ over the greater part of its area as a consequence of the admission of water — 


On another occasion the clear- water basin of a filtration 


ented 
ew hat 


= 


“pools water in some of the unfilled trenches the outside walls. No 


“especial thought was given to the matter until a day or so later : it was observ red 


that. of the structure was rising and that the 
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through flow? of the basin allowing the the water pressure 


by flowing into the!’ interior OF the structure. ‘Thereupon the raised portion 


gradually settled back into its former position without: any damage other 


than a few slight cracks in the concrete. 


aut ‘Upon investigé ation it was learned that during the preliminary stages sof second 
construction a shallow sump had been excavated at this’ particular location seem 1 


- and lateral drains lidd been made in the clay to lead into ‘this sump any wi ater nearly 
that might collect. Prior to placing the concrete floor the sump and value. 


drains had been ‘filled with gravel, thus furnishing a blind drain through Th 


“th 


= 

. which Ww ater was admitted, from the pools pocketed behind the wd walls of fg second 

the basin, thus: permitting its uplifting influence to exert itself. The 


_ According to eye- witnesses the upward motion of the structure was very Maquc 


slow and as it increased the affected area widened. — ‘This would seem to indi the re 
cate that the water pressure first forced itself a sufficient area adjacent will n 

to the s sump to cause | a very slight upward motion which, in turn, raised the 

_adincent floor-slab sufficiently t to enlarge the area of pressure “application. and 


ereby the movement became progressive, ye 


a. Wher eas it is customary to design floor- idelie of sufficient strength to permit 3 
develo 
them to transmit the upw ard pressure to column and wi all supports, it is some- 
own- 
times: found to be economical to anchor the slabs into the soil | by means: of je 
subme 
piles « or caissons. 


About 1.000 000 crude oil | reservoir was constructed in theo 


 strean 
measu 


-eonerete caissons were sunk to a considerable depth below sub-grade. T 
were belled out at their bases while vertical reinforcing rods were embedded 
the full length of ‘the caissons and bonded into the floor of the tank. 

this manner the 1 necessary. resistance’ against uplift | Was prov ided. The same 
method has frequently been used by the writer to provided intermediate reac- 


tions against uplift in floor : spans of considerable extent as to permit wy a 


4 

4 


~ The whole subject of hydrostatic uplift has been an ‘extremely 


% e for many years, and it isa source of gr ratification ih the writer to have © 


Me so authoritative an ‘expression regarding its influence as that presented by 
_CHANDLER,* M. Am. Soc. letter). +—The large number 
conducted, ‘es very considerable. range in the magnitude of the 


experiments, and the painstaking. methods follow ed by the author in assembling 


ss 


a that her has br forth ‘much lien of opinion. Prope 
allowance. for pressure ating on a structure founded on pervious 


= 


= 

= 


materi 
a matior 
| Th 
fs 
4 
- 
ee level. As there was no earth covering over the roof of the tank | 
and 
tion, 
| Up-sti 
part 
that t 
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is a of that has been poorly a and 


mation set forth in this p paper is most welcome. 


total pressure e developed under any structure of course, on 


two factors: First, the effective area over which | the pressure acts; and, 


second, ‘the the intensity of pressure. As. for the fi first, the author's experiments 

seem to prove » that, for a pervious s soil, the area “subjected to pressure is so 

nearly 100% of the total area that it would be unwise to assume a 

The writer has been interested in npn to determine values for the 

lesa factor, by means of apparatus installed in dams during construction. : 


= 


The best data, ‘obtained wer were in connection with 1 Pinhook Dam at 


the results, has been given in a : by the’ writer, * and details 


vill not be repeated here. However, it is believed ‘the subject ‘matter 
of discussion be considered in conne ection with Mr. 


Parsons’ is’ paper. 

Fr rom a study of those experiments, the writer concludes. that, under a 
dam on a pervious foundation, uplift due to the” full hydrostatic head 
leveloped_ should be assumed at the up- -stream edge, and that uplift at the > 
down-stream e edge should be taken as equal to tail-water if ‘the spron is 
submerged, er to zero i in the absence ‘submergence, At any intermediate 


point the 1 uplift : should be determined in _ accordance with the “line of creep” yo 


theory, the pressure » diminishing uniformly from the up-stream to the down 


stream edge i in ‘proportion to the total distance between the: two edges 
measured along the line of contact between the > under side of | the structure 
ind the underlyi ing material. Such measurements ‘should take into account — 
ill cut-off walls and should ‘follow down the up-stream face of the cut-off - 


and then u ward along the down- stream side. 


q tt would seem, therefore, that for structures of the type under considera. 
tion, the practice of a assuming uplift equal to only a. fraction of. the full 
up- “stream head, or of considering the upward pressure to act on only | 

part of the base area, as apt to lead to unstable designs. Although ‘it is true” 
that the ‘pressure m may not quite _ reach 100% o of the head, and that the effective 
tea for uplift: “may not quite 100% of of the total base area, appears 
msafe, in the light of information | given, to proceed on any lesser : assump- i 
‘tions. This would apply only in a modified form for structures on semi- 
‘ervious ‘materials, whereas the > question of of pressures acting on structures on. 


rock must be approached in a different manner. 


i. a Proceedings, Am. Soc. C. E., April, 1928, Papers and Discussions, p. 1349. 
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PAPERS AND DISCUSSIONS: 


This: Society is not ‘responsible for any statement ‘made or opinion expressed = 


THE | RIV ER PO ID 


6, McD. Townsenp,t M. Am. Soc. Cc. FE. (by writer considers 


wi paper the most valuable of the numerous productions on river hydraulics ‘a 


which have ‘been evolved as a result of the flood of 1927 in the Mississippi b 


as 
Yy alley. - While it contains numerous data which would be otherwise eral 


< 


able to ‘most readers, its great value arises in that it recognizes that the science 

of river hydraulics existed in Italy } prior to the discovery of ‘America, and that i 
Italian engineers have been engaged for centuries” in investig ating the 8 s 
governing the flow of water in streams. “ad 
While they may not have established laboratories satisfactory to the author, - 
ie have made practical experiments on the River P o for generatio ons which 

are of much greater value. They have published and analyzed the results of 
their experiments, recording not only their successes but their failures. it a er 
“a 
near Ferrara, should be read ‘carefully by ‘those who would invite a a 
similar. catastrophe i in the | Mississippi River when constructing spillways. 

ti The great value ¢ of the observations a arises not only from the Ahiewegiionl Ss 
with which they were ‘made, but also from the long period of time which they _ 
-embrat ace. German en; engineers have demonstrated that the construction of levees” 
“has n not raised the bed of the’ Rhine 1¢ below L Lake Constance ; those of France 
“have | arrived at a. similar ‘conclusion n from an investigation of the flow of ~<a 
Loire; and the Mississippi River Commission can find no trace of a river fill 
due to construction o of levees on Mississippi. The geologist, len, 


‘ignores ‘these statements end: continues to rely on M. -Proney’ 8 report of the 
‘rising of the bed of the Po at Ferrara as recorded by Cuvier, ‘notwithstanding 


ithe 


* This ‘discussion (of the paper by John R. Freeman, Past-President, Am. Soc. C. a 
Published in April, 1928, Proceedings, and presented at the meeting of June 2, 1928), is 
printed in Proceedings in order that the views expressed may be brought before all members 
Col., U. 8. A. (Retired), Washington, D. boot 
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“the os that it was s denied and ridiculed by Italian engineers at the time it 
was made. it has also been claimed that the bed of the Yellow River has been 
ral raised due t to levee construetion. 1 It i t is, therefore, a valuable addition to the 


science of river hydraulics 80 great an authority as Mr. F reeman n asserts 


‘not only that the: raising of the bed of the Po has been ‘ ‘found to be 1 mostly 


ver “are mostly untrue 


bed 

Schlichting and other the of both the 
Rhine and Danube, and ¢ came to the conclusion that the little effect on the bed 

of these rivers which had occurred, could be ascribed more logically to other 
causes. The 1 masterly pap paper by G. Fantoli on 2 Po nelle Effermeridi di un. 
Secolo” conclusively demonstrates that the only i injurious results on the 

‘regimen of t the Po caused by agencies, have arisen from: the 
of water for irrigation ; and that neither levee constr -uction, deforestation, nor 
drainage has had an appreciable effect | on its flow. Similar conclusions have 
te also been derived from an analysis of the flow of the Upper Mississippi. — 4 


others: decided that ‘the troublesome elevations of river bed 


of the « errors s committed by pa so accept, 
~ without investigation, any statement that the bed of a river is rising. a 
lois It is unquestionable that mountains and hills are eroded during rain 
Bi aarines s and that the material thus moved is deposited i in the valleys of streams 
or in the sea at their mouths. The geologist, however er, , fails to recognize that 
near r the head- waters 


floods: again set in motion the material first deposited, but the grinding which 


ensues, converts boulders into pebbles, pebbles. into “gravel, and gravel into 


nd, nd in a relatively short distance gravel- bars are converted into sand- 
Fos ommble: of being readily acted upon by river currents. This action occurs 


‘not only on the tributaries of the Po, but on the Rhine above Lake Constance, 
and on the hill streams emptying into the Upper Mississippi. It is a rational 


pera of the fill noted by the author on the Yellow River, as this fill 


occurs below a point where the river debouches from a mountain gorge. 


ae As the writer has: explained i in various 18 pamphlets and statements, ‘most of | 


TO) 


which have been interred in the Congressional Record and the proceedings of 


* Proceedings, Am. Soc. C. E., April, 1928, Papers and Discussions, p. 959. 


$ “Flood Problems in China”, by John R. Freeman, ami 
Transactions, Am. C. E., Vol. LXXXV (1922), 1422. 


in ‘suspension | find their ws ay to the sea. 
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TS. 

" Congressional committees, the engineer in n charge of the impeerement of tn 
en | navigation of rivers is only interested in that section of a stream which has : 
into unstable equilibrium by t this grinding process. In this part 
alias of. a river, the cause of ‘the | rise of the bed» is its extension | into the se sea, as 
tly discussed by Mr. Freeman. Lig?! ba ty avad {lige af 
— : The writer has inspected both the Po and the larger rivers of France and — 
is somewhat familiar with ‘European literature on river hydraulics prior to the 
World War. He has had no opportunity ‘to read 1 the report of March 17, 1924,* 
hat he has” studied the Atti del Comitato— Technico E xecutivo, -Commisione 
la ‘Navigazione Interna, decrito 14 Ottobre 1903, in which, while sug- 
the of the Po by the French system of river control, the 
bed 
sippi River i in ‘maintaining a channel, and proposes. further. with | 
pes gs It is to be inferred from the stateme nts made by’ the author, that the Italian 
engineers have finally adopted the report of October 14, 1903, after making 
"experiments extending over a period of tw enty- four 
nor 
of the United States Army Engineers rec commended a similar project 
foe’ the improvement of the Upper Mississippi River in 1898.+ The improve- 
bed tr ment of the Missouri River is based on the same principle. 7 el SOO Rers 

e 
_ The system ‘of ‘raver improvement adopted for the has resulted 
rrow 


of the Ecole des et ne been “fully described in the text- 
books of that institution which have been published since 1899. ee 


The assertion of the author that he would i improve the project adopted by 
- straightening the lower reaches of the river, indicates : a failure to appreciate 


4 

the principles governing this method 0 river regulation. He is proposing 
 pubstitute thé German method of river regulation which the Italians (as he 
states) have ‘abandoned, and is re- -opening a discussion which has ‘agitated river 
hy ydraulic engineers in Europe for many years, and, at present, receives little 


~ + 


Humphreys and Abbot demonstrated§ that river-shortening led to a a lower 
ing of the low-water pools above a cut-off, and to an elevating of the river bed vi 


eding 


which 
| jon below. M. Gerardin was the first to recognize the injurious effects of such | 
into 
1 flattening of the ‘slopes on the river’s regimen, and’ to show the necessity hi 
sand- 
cacaonch maintaining the alternation of pools and bars which Nature has created in 
talian. engineers appreciate that navigation would be irreparably 1 i 
; e slopes on the low er river, which are now gentle, were still further reduced, 
siete: 4 and t e slopes on t the upper reaches, which are now excessive, increased thereby. 
Pp They not only maintain the | existing bars by | giving a curv ed trace to their ¥ 
ost of g k 
of orks but they are especially careful to limit the river contraction so that 
Am, Boe. C. E., April, 1928, Papers and Discussions, p. 982. 
Journat, Western Soc. of Engrs., Vol. XIV, p. 26. 
Cc. e Mi 
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limitations of 

“thé height of their works to 1m. low is not primarily to reduce 
flood heights, but - rather | to invite a fill on bars during a rise in 1 the river. Ww hen 

7 = river falls, the water is directed along predetermined lines | so as to create 


is reason that they have adopted the curve in their trace. 


wl y mad extensive use of the waters of the Po for irrigation has rendered the 


. The curvature which the beak: naturally as assumes shen, nile, 


been more ‘a saineiiaiiiie utilized in improving the rivers of the United States; and 
Tess care has been taken to give a prescribed slope | to the contracting dikes. 
It is noted that sand dikes and training walls used on the Po are approved 
the author. Similar sand dikes have been extensively used by the U. 


_ Army Engineers in recent years on the Upper Mississippi, aa have been 


equally y successful on that 1 river, although they are confined to the convex side 


Permeable dikes were also tried experimentally on the Upper Mississippi. 

more than forty years ago, but brush. mattress dams Vv were substituted finally 

_ because the river in its upper reaches carries little sediment in suspension 


even during floods. Below the ‘mouth of the Missouri they have 

eminently successful, although it was necessary, to” give them much greater 

_ strength than those described on the Po. In recent years, concrete piles hav e 


han re 

- been” quite generally substituted for 1 those of wood, between the mouth of de 

Missouri River and Cairo, III. Hin). eisto woh Slant 

he of the levees on the River Po were known, ‘to the 


er 
was , and the se by the Germans on the Rhine 
French on the Loire were also’ studied. European levees have generally 

a greater width of crown and less width at the base than the Mississippi 
er levees, due principally to. fact. that European levees” are used 

_ Formerly, the usual road of the Southern States consisted of cundrained 
soil withou ut ballast which was nearly impassable during rainy weather. 
we ould have been 1 the ash of folly to have ‘permitted the tops of levees to 
pe them. It 
that the ultimate height of. levees had not ‘been 


“definitely ¢ determined, and that, if macadam roads were constructed at the low 


then existing, they would have to be rebuilt from time to time. 


wisdom of the decision is forcibly illustrated by the results of the flood of 1997. 
Py _— Every road » which might have been in existence on the tops of levees would 


q 
a The Commission therefore decided to give to ‘the levee such a form as 
would offer the > maximum resistance against water pressure, with the | most 


identally created 


falling reached the stage that the road surface V was , protected from abrasion. 
— ‘The minimum requirements were a width sal crown of 8 ft. » and a width of 
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base equal: to ten t times the probable head of water: against the levee. Thes 

dimensions were not based on labors ‘atory tests, but on observation of the resist- 
ance of the average soil of the ‘Mississippi Valley to filtration. In many 

localities, n ‘not on only i in the valley of the Mississippi, but also in the valley 0 of the 


?0 » soil is found which i is so porous that lev ees of the dimensions here giver 


are » unsafe, but when the muck ditch reveals such a ‘soil, the levee engineers " 


simply enlarge the section by flattening the slopes. Yer 


From the writer's inspection | of the ‘Po Valley, he the 


“however, a statement by an authority as as ‘Senator Luigei. 


exe ery in 1 cost that wy one e along the r river bank, since the round ‘eft’ an pee 


valley slopes. away the river. ‘The fing anci ial condition of Italy hardly 
justifies such a luxury. 


i the ‘space between the two levee lines is allowed to fill during a rise 


of the. river, it will materially reduce flood heights. W hatev er may be the — 


_ attitude of the farmers of Lombardy, the writer is convineed that the planters 


along the Mississippi River would | never consent to such a proceeding. ‘There 
Bente: double > lines of levees along certain sections of the Rhine, but they confo 


— to the conditions shown on Fig. 10* a front line overflowed at medium stages | 


and a controlling line to ‘regulate extreme floods. — The writer has seen a 

_ statement in a German publication that this peculiar construction was adop ted 


’ as a compromise measure to satisfy owners of \ viney: ards who had a theory that ’ 
the: restriction of floods” to the front line of levees would have an injurious 
effect on the grape crop of the adjoining hills. 
Science would be greatly benefited if the ‘Treasury of the United States 
could” afford the expenditure and Congress would authorize the establishment _ 


of rain gauges throughout this country a at as frequent intervals as in the Po 

data would be extremely valuable for de 

a water which causes a flood, when time has been afforded to patie iaarse 
digest them; but as a means of ‘flood prediction they would be practically use-_ 
le ss, A flood would have e passed before a central office could have computed the 
pe reentage of flow that would reach the river. The method adopted by the. 
US. Weather Bureau for determining flood heights by gauge readings on the! 
tributaries i is far - more practicable a1 and also more accurate, because it me sures t 

‘the run- -off and avoids the necessity of computing the quantity o 4 

ev: ‘aporated and absorbed by the soil. The flood predictions of the Weather : 

Bureau 1 compare most favor rabl of European nations. 

I I ; 

‘4 die marked advance in flood prediction was also made by U. S. Army Engi-— 

during the flood of 1927 in the Mississippi River. The determination 

of the height. ‘that the water would attain in the area flooded by crevasses, 

_ was of inestimable value to Secretary Hoover in his efforts to rescue e flood suf- er 
the work of Captain Lewis 4 


ick in the: valleys of 


* Proceedings, Am. Soe. E. Ava 1928, Papers and Discussions, 978, 
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vations: Pontelagoseuro accurately deter e quantity of 
material | carried i n suspension by the River Po at different stages. mre They 


however merely. supplemer nt the work of the Mississippi River Commission and — 


of U.S. Army Engineers in the investigation of the flow of sediment i in streams. 
The observations on the Mississippi River not only trace ‘the flow of material 


- suspension from its source in the tributaries to its — in the Gulf 


“a on ‘the height. permanency of sand- bars, and relation 


he: author invites attention to the employt ment of civil of military 


United States, are reversed The U. Engineer 
taught at least the rudiments of the science at the Army School at Fort 


Humphreys, while it is very generally ignored ‘in the various “engineering 


- colleges of the country. The assistant engineers who have been employed 
and frequently have been instructed by the Army Officer are the only other. a 


body of engineers who ) have had practical experience with the problems | Ww hich 


_ arise in the i improv ement of rivers and harbors i in the United States. ol 


a ~The author will be of great service to American engineers if he succeeds in 
“his efforts to persuade Italian engineers to translate into English, their knowl- 
edge of river hydraulics. - With such information available, it is even possible 
= it will be unnecessary to establish a laboratory in a. ashington for the 
- purpose of rediscovering principles know1 m in Italy for centuries and now 
bis + fia df 
_ taught in the or dinary textbooks of the engineering schools of Eur ope. “pel 7 


“wa OREN: Reep,t Assoc. M. Soc. (by letter). $—With the 1927 flood 
on 1 the Mississippi River fresh in their memory, American engineers, , especially 
hydraulic engineers, will welcome the author’s excellent description of the 
1 flood problems | of the River Po i in Italy. For centuries various methods have 
~ been tried in an effort to control the flood flow of the Po, with only cates 
success. As their knowledge of river behavior has become more complete, the 


4 


Italian engineers have able to lessen the damage from 1 floods. Certain 


‘practices, which have been prov ved by long to be wise, could 


adopted with profit by American engineers. val 


One point \ which was not ; mentioned by the | ‘is 
&§ lakes, either natural or artificial, in reducing flood flow. As is shown in 
Fig. the of the ‘Alps. ‘receives the precipitatio 
7 arda, 
10, and regu ulating of »these- lakes 
_great without any artificial control. Lake Maggiore has 


» 
eh 


_ * Proceedings, Am. Soc C. E., April, 1928, Papers and Discussions, p. 963. ~~ 


t Asst. Designing Engr., San Joaquin Light « & Power Corporation, Fresno, Calif. 
Received by the Secretary, June 9, 1928. 
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area of about 83 sq. miles. record of its. ‘maximum and minimum water 
levels shows that the elas variation is from 6 to 16 ft. . This large annual E 
variation would d indicate that i in a wet year ‘the lake had temporarily retained : 
a large volume of water which would materially affect the flood discharge < 


op _ The effect of natural retention in lakes was clearly illustrated i in September, 7 
1927, by Lake Constance, which i is located on the German- Swiss border. pe he 
head-waters of the Rhine River | in Switzerland were swollen by a severe 

. The quantity of water 
Rhine Lake Constance on September 2 25 and 26, 1927, 
any the greatest yet observed. The flow into Lake Constance from the "Rhine 


on September 25 reached a maximum of 81300 sec- ft. The total inflow into 7 


lake was 148 500 sec- maximum ¢ occurred on 9 29, 4 
. 


proper perty The communities ‘the ‘high com- 
for the purpose of perfecting ‘a plan for prev renting a similar 
catastrophe in the future. study was under the direction of 


‘The Skien is the third largest 3 in Norway has a drainage 


"area of 4060 at the of is about ‘six miles fom 
the North § 


oh i The Skien District i is one of the most important in ae ca ‘It has long 
been noted as.a timber-producing district. “Norsk Hydro” (the Norwegian 


| Electrie Company) is | located in the e central part of the water- shed | about 65 


miles from the ocean. _ This’ Company, the leading industrial concern i 
Norway, uses hydro-electric power for the fixation of atmospheric nitroger 


The total plant capacity ¢ controlled by Norsk Hydro amounts 


part of the water- shed. important ones are: : Mos Lake, 597 000° 
pore ft.; Maar Lake, 183 000 acre- -ft.; and Ti inn nn Lake, 159 000 acre- ft. — 
_ Authentic records of floods on the Skien River begin about 1645. _ Serious” 

- floods have occurred at frequent intervals, but none has caused as much 


prope! damage as” the flood of 1927. The banks of the river had been 

encroached” upon in recent years by industries and private interests. After: 

g the regulation of Mos and Maar Lakes the low- -lying areas were built upon, | : 
for it was expected that flood levels would be ‘reduced. — The 1927 flood was 
caused by heavy precipitation, augmented by melting s snow, on the lower. part 


* 80 Wasserwirtschaft, February, 1928, p. 21. 
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EED ON FLOOD CONTROL THE RIVER PO [Re 


the wv water- died, Regulation of the upper lakes decreased the possible flood, 


{ 


Floods on the Skien. have usually the late spring ‘and 


caused, ‘as in 1927, by heavy precipitation and. melting snow. _ There hav 
been, however, many — floods. The recorded flood at City 


= 
& 


the Committee in (1927 were: to ‘ 


“flood flow 


water level. is to remove these crib dams and construct 

"structures, regulating the flow by means of roller or sector gates. ‘During . 


- floods, the gates would be opened and would present no obstruction to a] 


flow. certain considerable dredging. will be necessary to obtain” 


“sufficient channel capacity for the maximum possible flood. 

The flow in the upper part. of the drainage basin is regulated at present 

in Mos, Maar, and Tinn Lakes. — Additional regulation i is planned for the 
middle section of the water- ‘shed at ‘Lake ‘Totak and at Sundsbarn. It 
thought that the maximum proba ble flood can be economically decreased about — 
21000 sec-ft. by the proper regulation of these lakes. This would be about 

at regulation 1 more of the flow can be made useful for industries and — 

_ power plants. This will be a valuable feature, although. the chief purpose 
of the work will be a reduction of flood flow. It is thought | that the work | 

can be by assessments on the communities and industries benefited 
-_-without any aid from the § State. reasons of ‘it be 


att bsiron 


to do the work in ‘two or more steps. 


for 
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AMERICAN SOCIET OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS 


sd 


ALPH -Proctor,t Am. Soc OF —It is the duty of the contract 


bond underwriter for a surety company, select tho ose contractors whose 


ualifications measure up to his company standards on any piece 


t 
There are certain general qualifications which every ‘successful cunder- 


“writer Keeps in mind in the consideration of each and every case presented 


~tohim. In brief, these are the moral hazard; experience and competency as 
hewn by past experience; adequacy of organization and plant for the par- 


~ tie cular work under consideration ; 4 amount and kind of uncompleted work ol 
i hand at the time application for the new bond is made; tendency of the labo 


and material market to go up or down; the length of time that the job will 


4 take; the amount of the contract to be sub- let and the qualifications of ‘sub-— 
"contractors 5 and, ‘finally, the sufficiency of the contractor’s financial resources 


his work under construction and the new work to be undertaken. 
‘ 


7 he satisfaction of ‘these general qualifications on any particular case 
“should entitle the contractor ‘to ‘the bond and the surety, should feel reason- 


, ably certain that no trouble on the case would ensue. In actual practice, 
however, trouble and loss are experienced by the surety companies even if an ran 
list) 
underwriter has applied these general qualifications from information avail- 


able and has found them to be satisfactory. This m may be due to a number — 
causes, such | as incorrect information presented, labor troubles, 


-upw ard of labor and material prices after the job is let, long periods of u nfa- a 


= 


_ * This discussion (of the paper by Frank T. Sheets, M. Am. Soc. C. E., presented at the 
Meeting of the Highway Division, Denver, Colo., July 14, 1927, and published in April, 1928. 
Proceedings), is printed in Proceedings in order that the views expressed may bs brought 
+ Fourth Vice-Pres. and Head of Fidelity and Surety, Depts., Maryland Casualty Co.. 
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PROCT TOR ON QUATIF Ic ATIONS OF CONTRA ACTORS 


vorable weather and unexpected floods, necessary changes in | organization i in 
the ‘midst of the work, and unexpected physigal difficulties. with the work 7 — 


itself. 4 All these hazards and n many others are well known. to engineers, con- work 
s, , and 1 sureties: alike. _ Construction wor k is fundamentally a hazardous a 


mana 


busine s because all the risk of unforeseen and unknow n conditions belonging 
to the o owner, is assumed by ‘the contractor when he bids | to ‘accomplish the 
“ undertaking at an upset price or at a unit price. If all the contractors w ere, 
- gifted with an exact foresight, or if the sureties were likewise gifted a1 and 

could pick, only those contrac tors who were qualified « and who would succeed, 


the business of writing contract 
_ Bond underwriters make mistakes in judgment, the same as business men 


in any other walk of life, including the contractors. It would b be idle to deny 
that surety ‘companies 3 have not issued bonds for contractors who afterw: ard 


proved 1 unworthy y of suretyship. ‘The speaker’s experience, however, indicates 
‘that most of the bonds written, and on which: trouble and loss developed, | 


“were for contractors who (on the facts presented) were entitled to. surety 
- ‘coverage at the time the bond was given. | A general impression prevails that 
surety companies execute for unqualified contractors a far greater number 


of bonds ‘than i is actually the fe case. a During 1926 the Maryland Casualty. Com- 
ay executed 19 638 contract. bor gry all kinds, while the number of bonds 
which trouble was: reported that year was only or “approximately 


3 1} per cent. Many of these trouble cases will ultimatel y result in no loss. B uwha 
Certainly n no criticism can attach when the ‘company’ underwriting organ- J the C 
is not the multitude of small contract bonds that makes up the major 
4 of the surety companies’ loss ratio. It is the failure on large | contracts: 
_ Be cs ean. by large bonds a and undertaken by contractors generally recognized as 


Ee ‘aa "thoroughly responsible. In or rder to make up for s a loss of $100 000 on a con- f 


men, 


its e 


ass tract bond at the present rate of 13% on the contract 1 price, a surety (ele 


pany must ¢ execute bonds covering w ork costing $11 500 000, and this will only possi 
it break even, without ‘a cent of profit. In the building of the New rn: 


York State Canal, the losses to the sureties on undertaken by 


) prefe 
Shoshone Dam “cost contractors’ ‘surety "9820 000 which 


up without profit) would necessitate the execution of bonds covering mont 


onstruction work of approximately $35 000 000. Tt ‘is not generally known 


tha to ‘complete the Bear Mountain Bridge, the surety companies put up must 
38 000 000. * The speaker has never seen any article in engineering and con- ' T 
 tracting publications giving the ‘sureties credit for the part: they played may 


7 
completing this, wonderful piece of work, ‘Yet no. one can deny that th they hime 


‘played a an important part in a critical situation without a moment’s delay or gatio 


8 sible ‘whose difficulties made it. necessary fo ‘the sureties, to step 


in and assume the the work to its suce So 
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management the new organization [the Shandaken Tunnel Corporation 


succeeded in overcoming the time handicap and completed | the undert 
‘work four months ahead of schedule’.* 


Shandaken Tunnel Corporation: wa s quickly created by the su 


companies: at the time default occurred, in that they might th thei 


part of the | contract ‘set forth in in their bond. his Corporation was, in fact, 


surety companies themselves, having been formed by them as vehicle 
i) we 
to enable them: to carry out their obligations because their charters do not 
— them 1 to ‘bites the contracting business in their ow n name. Th : 
| 


1e su re- 
ties then selected the Ulen Contracting Corporation to. complete the contract. 


Ati is failures such 9s these, and many more too numerous to mention, 


are in the back of the mind of the und srwriter he ‘sits at his desk, 


erwriter as 
passing every w orking day on submis ssions to his company. ‘ti is not an easy 


job, as: the aker knows from experience. Who could have foreseen the 


failure of The William Cramp & Sons’ ‘Ship & Engine Building Company; a 


and ‘Company found itself hopelessly insolvent, with “three large 
shipbuilding contracts its hands, running millions,— -all them 


covered by surety bonds. The burden of finding ways and means of —_ 


leting those contracts ‘fell on four surety companies. W orking rapidly and 
ficiently. with all the interests involved- ~bankers, owners for 


the ships were being built (including - the U. S. Government), material 
“men, and everybody down the line—a plan Ww as dev ised for completing the 


“unfinished contracts at the original cost to the owners and w putting 


money and the establishment of materi ial ervedite by the su 
holders ; and by extension of time by ‘the banks and the carrying on by the 
sub-contractors with the assurance of ultimate pay rment. sub- 
were paid almost immediately, because the cash and -eredits made_ 
possible to take care of them fully without further delay. 


reties a nd the ool 


Before the companies this trouble, the credit oF the 


of contractors ‘this. country 


aedit with banks, ‘material men, ‘sub- -contractors, and ‘sureties. “Only three 


months prior to this trouble it secured, easily, a bond on a large piece of work. 


Tis officials themselves did not know that the Company was in p doable, 


must have been, when this bond 1 was secured. 


Thus, it must be evident that the underw riter,. no ‘skilled he 


may y be i in putting the value on a contractor’ qualifications may fad 


gations a are . The “may all the neces- 
sary at the start of an undertaking aud still default in his performance, as 


has been proved by ‘experience time and time again. ‘ That is the risk the 
surety must take. 


_ * Proceedings, Am. Soc. C. E., May, 1 1927, Papers and Discussions, p. 695. 
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= =, 


= bidder 
of the bidding « on the Fulton Street Tunnel, in New York, N. Y. The lowest J exect 
bidder was $2 000 000 lower than the next highest bidder, and $7 733 000 ) lower been 
‘the highest. The bids ranged from $22 467 000 to $32 200 000. The matt 
work ‘is estimated to take 5 years to complete. A ‘bond of $3. 000 000 is 


= to write which, it will be necessary for almost “every surety com- 


pany in the business to carry a portion of the risk. 7 To decide as to the qual- 
fications | of “the low bidder on this work to carry it successfully to comple 


tion of the surety companies have the advant: age of the judgment of most of 


the oldest and most successful underwriters. The contractor has only 


judgment and that of his org: anization as to the sufficiency of his bid. i The 
ureties also have the judgment of seven other contractors. as to what the 
he 
should be. The important question is whose judgment is correct, / among unde 


eight bidders. Is the low bidder qualified to undertake the work on the & iz 


Howe 


—~ 
— 


basis bid, he is in this line of work and 
a job of this size, if. every- 
The selection of contractors entitled toa bond, 


his n 
over 


one which requires 


ing of those facts after they “have ‘obtained. “writi 
: oO is obvious that the right price is one of the fundamental qualifications | and ; 


_ for the successful completion of a piece of work. | iT he underwriter, in passing judgn 
ona low bidder’ 8 qualifications, derives a | considerable degree of comfort when i, C 


the bidding is close ‘and the contractors bidding are known, from years of “few “4 

exper ience, to be qualified to undertake the particular Ww vork in question. “Cont 

- comparison of the bids is an added check and an aid ‘to the “underwriter. pa 


"Where bid or bid letters are required, the underwriter is denied this “the § 
and sureties strongly advise against the use of bid bonds and 


in ju 


ove 
based their not an easy, one. ‘In fact, it is a ser | 


the e 

is easy pass on cases” which are obviously so good that is Asso 


"question about them, or which ‘fall so low as to ‘qualifications that they ce 2 
4 immediately be ‘declined. A Unfortunately for the underwriter, however, r, “most 
“ of the applications for bonds come in the class which are 1 neither so good that” 

this fact is immediately apparent, or so ‘poor that with justice they can at 
once be declined. It is just a as grave an error on the part of an ‘underv Ww vriter 

to decline a_ case that is entitled to a bond, as it is to accept a bad risk. li 


During the last three or four years, there has been considerable published . 


x criticism of the methods of underwriting used by the surety companies dy : 
- haps it would be ‘more corre ct to state that the criticism is directed at the 
lack | of proper ‘underwriting of contractors’ qualifications in issuing 
‘The speaker does not say that the companies deserve no criticism, but much 
of it has been unfair and caused by lack of knowledge of the real p lems 
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PROCTOR ON QUALIFICATIONS OF CONTRACTORS 2009" 


confronting the underwrite ors. It is certainly not true the surety com- 


panies are solely responsible for defaulted contracts because some company _ 
will issue a b bond for any contractor whether or not he is qualified. The com- _ 


panies are not looking for losses, but for profits, and no underwriter would 


execute a bond if he thought: a loss might | oceur. . The following factors have 
been listed in the technical pre ess in answer to the question, “What is the 


matter with contracting ?” : i wil 


-2.—Poor estimating. 


ape -No distinction of class. 

fe 5.—Hazards in plans and specifications. 

6.—Poor judgment of wage and price 

7. —Disposition to gamble. _ 

of co- operation and org ganization. 

nthe these are the conditions in the contracting field, what. about the poor = 
underwriter on whom falls the duty of ‘separating the wheat from the chaff. | 


it to be ‘wondered that his judgment always. 100% perfect? 


However, be found that is rema ‘kably aceur ate and 


bs 


ber of cases passing — 

hat surety campanies need mor than criticism to reduce their. mist: 


judgment to the irreducible n minimum, is correct understanding of under 


writing methods. and problems “ti the engineers, , architects, and contractors, 4 


and assistance in collecting the true facts on which to base an ‘underwriting = 


Considerable progress has | alre: ady made along these lines: in the last 


few years by joint meetings between ‘committees of the Associated ‘Gener 


Contractors America, the Association of Highway Commissioners, the 
American Institute of Architects, the Surety _ Association America, and 
the Reiliaies . As a result, of these meetings, there has been developed a tay 


an Application and a Uniform Financial Statement, the use of which (by 


in aiding g in 


Aid 


of the as promulgated by The 


Assoc General of America are as follows: 


add 


i “He must possess the necessary technical knowl ledge and practical experi- 
ol as applied to his particular form or group of undert takings, to enable 


him to earry them to completion in a workmanlike and economic: al manner. 


a 


must consistently and comply. with the spirit as well as 
the letter of | his contracts. He must have business experience and handle 


every tr: 
Ty transaction with fairness and honor. his 


News- v. 95, No. 12, p. 456, September 1925 
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QUAL IFICATIONS OF 
cad 


vila? 


pai eect and organization for the satisfactory perfor mance and completion 


‘In special cases, problems whew appear which will demand that consid- 
- eration be given to other qualifications, but in general the above three require- 
ments apply to all construction contracts and without them no contractor can 


properly b be regarded as wholly dit 


WALTER S. AnvErsoN,* “Assoc. M. Am the author, 

4 the fundamental prerequisites of a omutiaithen are’ organization and. finanee, 


These : are identical with those required in all lines of commercial endeavo 
- Contracting i is no more and no less than a business venture. The bald essen- 


‘tials are money and skill. In ‘general, of two wil 


Contraeting is is a ‘highly specialized business, but prime rules of general 


business apply as forcibly to it. Contractors cannot divorce themselves from 


4 ‘other business men; they must not shun the lessons taught by others; and they 


cannot ignore the prec epts Ww rought from other lines of business. nee ti "1 


~ Money is essential and ‘the amount needed - is determined by the skill of 


management. Management, therefore, is’ superior to money. Manage 
mae is the organization provided by business men. - The management deter- 


‘mines the volume of business to be done, The relation between volume of 


be siness done and capital available i is one of the important factors that spells 


success or failure i in business, as this ‘peldtion! determines the number of times 


: - each year capital is turned over. Failure follows if too great a turnover is 
attempted. 
Pa. olume of business depends on the law f supply and demand. 


ume will, if the concern is ably managed, consist only of contracts that ‘are 


profitable. An. ‘able management never takes a contract that will result in 


— monetary loss, although a loss may occur due to unusual mishaps, | act 
God, or facts that could not possibly be determined or known at the time the 


it 
“contract ‘was made. ‘However, the unknown facts” of large consequence, in 


general, are very few i in number and if ever tl 1e unknown facts become so vital 


s to preclude » failure, the ¥ risk should then be taken by the « owner | and not by 


he contractor. Otherwise, the contract ‘becomes « a gamble and is no longer 


ao Capital: is the sum total of the : actual cash and bank credit t available. This 
total is increased with -suecess and wiped out. entirely by ‘failure. Success 
is brought o n by an able management that has the necessary knowledge and 
experience. Failure is brought on by a management that lacks this know 
‘edge and experience, but knowledge . or experience alone cannot make a busi- 
ss continue to prosper even if the capital available is sufficient. _ Lasting 
— success can only be achieved through the personal qualities of character and 
stability Character ‘entails | integrity, consideration for others, and 
righteousness. Stability. is. that quality which gives: power to “resist 
__ temptations to over-extend ‘their operations, ‘and to go beyond their finances. 
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Paper KNOWLES ON QUALIFICATIONS OF CONTRACTORS. 
‘Stability preserves and maintains an organization for the one and : 


| purpose of making a legitimate profit and being of lasting service to je , 


“ failures ix in ‘the field of ‘contracting have been due t to a lack of one or 


more of the four qualities noted, but a large ‘Percentage of failures i is. due to 
lack of the second quality, that of stability. Stability” is u rgently 1 needed 


=, 


competition is keen, when the demand for work is greater than: the 
“I supply. At such tienes the rank and file of contractors. show a lack a stabil- 

hor, B ity or the ability to resist the temptation to. work at an extremely 1 low margin a 

nee. profit, thereby | inviting failure, Stability is vital at these times in resist- 

Vor. ing the temptation to: sneer | at former cost figures and to entertain the hope __ 

sen-§ and belief that such costs can be lowered on that new job. To omit entirely - 

will or to reduce : appreciably the former charges for machinery depreciation, 

all head, and « contingencies so as to make an estimate show a small profit, is the ; 
veral prevalent practice. Such practice proves that stability is absent, that the 
rom contractor does not want to face the facts; whereas stability would demand 
they that these remain the same, and, -eonsequently, the estimate would show 
profit, leaving then to decide whether or not to take work at 
t€ Contractors who the qualities cited are on the road to failure 
eter- Ei some future time, and, of these, stability is the one main quality that they” - 
1e of lack. They fool themselves first, and then fool their bankers; and, finally, 
spells when failure arrives, they console themselves by telling the w orld poses ae a 
Himes tales about the hazards of ‘contracting, building a romance around their 

* ? failure, when, as as a matter of fact, if they had been honest with themselves 4 

and w ith the public at large, they would attributed their failure not | 

3 vol: | adhering to one or more of the couemtiel qualifications of all successful con-— 

t are tractors, namely, character, stability, knowledge, and capital. 

it in ae The writer has presumed that all engineers are honest and fair. , Without: 

ots of ‘those attributes on the part of the engineer, an able contractor cannot profit 

on the job in question. To an able contractor, an engineer is a a ‘barometer 

ce, in nd t the engineer’s degree of fairness, tempered with experience, foretells the 

) vital “percentage of profit or no profit. An engineer “ean break or make a con-- 

rot by & tractor”. Tn him a great responsibility rests. Hence there must be ‘the most a 


complete co- operation | between the contractor and the engineer. An’ able engi- 


neer and an able e contractor will to the lasting 
faction of themselves and the ‘public. 


Morris Knowes,* M. Am. Soc. C. E- -Contractors and e engineers alike 
are interested i in the subject Questionnaires”, as presented 


= 


thee: factors. which help to whether a a ‘contractor is an ‘able ‘man, 
or whether he has too m many things on hand to undertake successfully a new 


job. The financial questionnaire is also a valuable adjunct to that dealing 


* Pres. and Chf. Engr., Morris Knowles, Inc., Pittsburgh, 


| 
Am. Soc. C. E., April, 1928, ‘Papers and Discussions, Dp. 1023, 4 
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WLES ON QUALIFICATIONS OF CONTRACTORS [Papers 

What is is to be done, however, with the information from the -question- 
naires ‘after ‘it is obtained? Of course, publicity is very y helpful; but, after 
44 all, occasions have been found where it is so hard, where the decision “must 
be made—e —either by a person elected by the people, or by a group e ented by 
the people, , or by some one appointed and on whom influence will bear—not 


ew the decisions in regard to public works. | There are a few occasions where such 


difficulties arise with priva ate undertakings. 


_— Attention has been called to the fact that public officials are besieged 
* with appeals to the effect that “the: contractor is hard up”, , and that “if he 


D can be helped out, he will be put upon his feet” ’. Ey ery engineer has heard 


g og to let friendship and sometimes political favor and other things enter into 


all these remarks ; so it is not easy to make a decision, even after full infor- 
a _ Recently, after a certain city in Pennsylvania had received | bids, one man, 
_ who was second lowest bidder on one contract and who did not bid on a second 
 gontract, offered privately to the City Council to do both contracts for $500 
“a less than the sum of the two lowest bids on the two contracts. Heh happened 
Z be a local man, and members, of the feces Council felt that a local man 
should be favored if, in the opinion of t he City Solicitor, it could be done . 


degli ‘Strange as it may seem, the Attorney decided as Council expected 


be a where the ia not obliged to p par rti- 


r ‘dite in the construction, because he was asked to prepare plans and ‘specifi- 
eations only, with the idea ‘that, later, the City” would make some arrange: 


ment as to supervision. | ‘He decided, therefore, to withdraw from the situation. . 


This caused publicity that attracted the attention of the Associated Penn- 
sylvania Constructors and, through a taxpayer, a suit was brought. 
decision of the Court was that the contracts, ‘thus awarded, ‘were illegal. 


> oa It is not always possible to withdraw, : as ‘some may have found. 


engineer agrees to undertake some work, and that work includes the ties of 
inspection, he may ‘not and and he ‘is obliged to 


that a contractor has” chosen who is not py ‘and not financi ally 


situated to finish the work, » 00 matter what what be, he. | 


engineers like to supervise the wo ork It is the 
proper thing to do, and ‘it ought to be done, as they have the most | taowl ledge 


Le of the plans and ‘specifications and have 2 a great deal of interest in seeing ‘that | 


ere may be times when, for their 
r own, n self-respect as well as ‘the good of public work in general, “they should, 
possible to do legally, withdraw and ‘eal public attention to the 
oa Just for the purpose » of presenting ‘something for discussion, a clause a 
on Off offered, which c¢ can be inserted i in the contract with the client, the municipality, 
‘county, or whomsoever it. may be, which may, in some degree, afford a way out. 


Many will criticize it eing too bold, as putting undue responsibility on ‘the 
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BOYDEN ON QUALIFI ATIONS OF CONTRACTORS 


engineer, : and possibly, if he is not honest, , affording opportunity for collusion. 
‘Nevertheless, engineers should state, first, that they do ) agree in a concentr a- 
tion of responsibility ; and, second, that. they are perfectly willing to see it 
q concentrated i in the engineer. Then why r not face the situation boldly? It is 
customary, in making arrangements for an engineer, where he is to be paid — 
ry | certain s sums of money for the execution of the work, that he receive his money 


> periodically. that after preparing plans and 


rong, it is suggested that a a be laced in h contract with the 

“The ‘engineer shall of the history, reputation, 
- ‘organization, and capacity for satisfactory and faithful performance of work — 
2 d of similar character, of all the bidders for the whole or any part of the work _ 
) 


and shall certify to the city (or other client as the case may be), such of them > 
500 as may be found qualified and experienced successfully to perform this work. — 
1ed This certification or report shall contain a statement of the reasons why the | 
ian @ bidder is approved or disapproved by the engineer. The city [this is im-— 
_. § portant] shall select the successful bidder or bidders from those thus certified - 


is natural that the of (quélifications shall be based on the 
tie “questionnaire that has been mentioned by the author. _ Answers” to t the 
| tionnaires will be received with bids and a report made promptly thereafter. 
What is the result? Of course, nobody can take the place of the city, council, 
ag or the director of public works, or the men legally chosen to let a ‘contract. 7 

That goes without s saying. PR is not possible to transfer the ‘responsibility y of 


The determination of award to the engineer. He can have no such authority; 
&| he has no such power. Nevertheless, in case of such | clause in his contract, he 


at has a responsibility to report. He has a duty to study these questionnaires 


a and make the investigation, wal then to make a report. It takes courage, o 


d to | Course, to do so; but then what happens? The client must choose from the = 
a contractors, so carefully studied and certified as qualified, a successful bidder. 7 


erly, Suppose that they do not. ‘The engineer immediately ean withdraw from the 
‘ally work, and pitiless publicity i is frequently the only way out and the only — 


ye, he cessful corrective of abuses. 


This is offered a as a suggestion, and with the hope’ that Ww will be discussed 


C. Boypen M.. Be Soc. C. E. —The relations between engineers and 


that emtractors. are. not always based on a thorough understanding of the other 

fellow’s problems and ‘anything that will bring about a more “under- 
nould, standing on both sides will be of distinct benefit to the construction industry. q _ 

ust w ere the fault lies: and what the remedies are is, of. course, a ‘matter 

_ Taking a view of the matter, , based on many years of construction expe- 7 


fllags it appears that there is much to be said on both sides of. the question. 
It often: bee stated “that the engineer ean either make or break the 


* Lecturer, Celite Products Co., Los Angeles, Calif. 
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contractor” and a careful analysis 0 of | most contracts and specifications bears 
out this statement. . Due to this fact ° there is a feeling of uncertainty in the 
a mind of the contractor during the progress _ ss of the work and this is often 
- reflected in the bidding and in the manner in which the work is done. ' This | 
feeling of uncertainty is often” of sufficient importance to cause contractors 


to refuse to, bid when certain engineers are to be in charge of the work, or 


the bids are raised to cover the risk, 
On the other side, the causes that led to the writing: of ‘contracts anc 

specifications in ‘such a manner as to justify ‘the remark previously quoted, 
By: only be laid to the fact that advantage has been taken so » often by i irrespon- 


sible contractors of more loosely drawn contracts. The ‘remedy for a condition 


that has taken 1 many years 1 to dev elop cannot be put into effect in a day, but 
will require much study and mutual effort ton the | part of all those 


As § an important step in bringing about a better condition of affairs, the 
speaker suggests that every engineer analyze carefully all his contracts and 


"specifications, with one basic thought in view. No clauses should be included 


that are not to be rigidly enforced and until oath. practice becomes universal =| 


“Dar 


tra 


a statement to that effect should | be emphasized in every tender for bids. | cs 


oh - Attention is called to the fact that, where standard general specifications 


are used, as in State highway | contracts, they necessarily cover all types of 

g construction and very often certain clauses are not applicable 1 to the particular 
i contract at hand. | Unless care is taken to eliminate such clauses, there is 
: always doubt in the ‘minds of the bidders. as to whether or not ; they are to be 


enforced, and doubts lead either to high bids, or to gambling ¢ on the engineer's © 
interpretation 0: ne con rac all jit 


In one case of record, a clause, had it | uld have 


broken the ‘contractor without, serving any useful purpose “whatsoever. In 


"spite of this fact, it was only by strenuous efforts that the clause w as re evoked 


and the ¢ contractor relieved of the necessity of doing work that was not 


intended 1 to be done. on this particular contract. 

Let the engineer | be the first to ‘start the remedies’ to correct the present 
unsa isfactory condition, and t the contractor will soon fall in line and co- 


+ 


‘Cuarktey Harton, Am. Soo. one The speaker has frequently 
heard the made before | public bodies considering contractors’ 
claims, 1 that “an engineer can n make. or break a a contractor” . This implies dis- 


“honesty and injustice to the members of a profession which has long 


a od It must be a admitted that not all the members of the Engineering Profession — 


are both honest and just, but the percentage of deficiency is very low. . The 


underlying trouble in ‘public contracts is the system (provided | by ‘statute 
usually) that contracts s must be let to the lowest responsible bidder and that, 


in 1 most cases, ‘the responsibility i is measured by the contractor’s ability to fur- 


* Cons. Engr., Milwaukee, Wis. _ 
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Papers. 1 HATTON QUALIFICATIONS OF CONTRACTORS 2015 5 
In the forty years during which the speaker has had charge of public works. 
there has been but one instance when the lowest bidder could not furnish 
satisfactory bonds, and yet there have. been many in which the contractor 
failed to complete his ¢ contract, and si some in which the pacar likewise failed = 


the burden was carried by the public. 
ih most of these cases the lowest bid w was much less than the engineer’s: 
estimate and much below the average bids received ; and still the sureties — 

‘were W willing to take the risk. ‘The evidence in the usual case ‘seems to have 

shown conclusively that the surety company | assuming the risks required that __ 

‘the contractor, or his friends, give ample eupplementary security ; or, that the 

‘contract need ‘not be carried out in substantial compliance with the mec 


cations. s. Thus, | the surety company’s risk was zero. 


ae In a public contract there are only two parties s, the public and the con- 
tractor; the surety is vebeuatially 0 park 4 of the latter. There must of neces-— 
‘sity be some agency to determine that one party gets w vhat he is paying for and 
that the other gives what he is being paid for. The usual public contract stip- 
-_ulates that the engineer representing the public be that agency. To control his 
actions, plans and specifications are prepared in advance of the bidding and — 
- these: form a part of the contract. me i they : are not sufficient to o enable either 
party, or the engineer, to. determine what is to be expected of each, no con- — 
tractor should submit a bid; and if if he does, no responsible > sureties should 
‘become his 3 surety. if they do, they . ey cannot claim that the > engineer broke  & 
_ them because, under the common law, he can only see that the terms of the 
contract are complied with as | he interprets them. j= 


Te may be true that he « errs in judgment, but he usually exercises his best. 


ublie, but to do justice to all parties if contractor believes he 
been treated justly he has ‘ “his day in Court.” 

_ The expression of the engineer being able, “to > make o or r break a a contr actor” 
arises from the old idea that a contractor may, and expects to, skimp his <ele 
and bids -accordin ely. When he fin ads that the ¢ engineer ‘intends to interpret the 


Be Thanks to the Associated General Contractors of America, a different type 7 
sof contractor is being produced and a high standard of ethics i is being adopted. © 

will result in better grade 0 of all with less trouble to the 
- engineer and more profit to ‘the. contractor, and probably to the surety com- 
| Panes. How ever, the speaker believ es that the latter should mend their ways "4 

to the extent of to give bidding bonds, thus being quite free to accept 

or T rejec offers ‘to become surety for : any until they have had ample 
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AMERICAN SOCIETY OF CIVIL EN ENGINEERS 7 


in its i ns. 
YDRAULIC STUDIES AND OPERATING RESULTS 0 
Discussion* 


M. ‘Sacre 


Ss. Bennert,t M. Am. Soc, C. E. (by letter). $—Some deta ils of the ‘man- 


ner of obtaining ¢ and recording data for us use in studies of the operation of the 


flood control system of the Miami Conservaney District, may be of interest. 
Ih order to systematize the work it became necessary y to adopt ce certain standard © 
methods for ieee observations and to develop forms on which to record the 


7 — On the map of the drainage area, Fig. 12,§ are shown the stations at which | 
records of rainfall or run- -off are obtained. _ Of the stations shown, seventeen _ 
‘report directly to the District Office. forms shown in Figs. 16 and are 
used in connection with recording rainfall and river- -stage readings. — eo They 
are printed on 3 by 5-in., U. S. Post. Cards. The cards- are mailed to the 
Office by the the end of each week. Cards of this : size 


a observers at rainfall stations a ‘are re instructed to ‘telephone the Office eae ; 
ever a rainfall of in. or more in 24 hours. 


curs To facilitate 
‘collection oor use 2 of d data for these studies forms such as Figs. 18 and 19 were aa 
devised, ‘Fig. 18 is used by the observers at the dams. 7 From the time that the _ 
outlet: “conduits: are half full until the stage falls again to that elevation, 
readings are made « de every 2 hours. at ‘the gauges above and below the dam. = 
series of staff gauges have been placed on or near the up-stream slope of each . 


dam at convenient locations, the range of these gauges extending from the | 


aS This Geventians. (of the paper by C. H. Eiffert, M. Am. Soc. C. E., published in 


Proceedings, but not presented at any meeting of the Society), is printed in Proceedings 
in order that the views expressed may he brought before all members for further discussion 
+ Engr., The Miami Conservancy Dist., Dayton, Ohio. 
Am. Soc. C. E., May, 1028 Papers and Discussions, p. 1386. ad 
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Below 
the ‘dams are automatic : recording gauges, near ‘which: staff g gauges are located 


readings serving a! asa check on the automatic From these it. is 


‘Possible t to construct inflow and o utflow « for the storms to be studied. 


-MIAMI CONSERVANCY 
THE MIAMI CONSERVANCY DISTRICT 


 pavd | enome | AMOUNT | 


| 


‘Fig. 16. -——Form Wi PRE 
On the form, Fig. 19, are recorded the essential data for each storm. In 
with this ar rainfall map is prepared. |The observed rainfall at 
each station is noted on 1 the “map and rainfall contours ¢ or _isohyetals 


- the Dayton Station. “Average rainfall. may be obtained by | planimeter from the 


4 contour map 0 or by using g the n mean. of the recorded above Day ton. 


it od 


at 


has been found that the latter method is fairly accurate. -of 


is obtained me measuring, with planimeter, the area under 2 a curve wen 
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MIAMI RIVER Gaging Station, Hamilton, Ohio 
— 
— 
| Dayton 
4 Mamisbur; 
ii 
— 
4 Hamilton 
= 
= = 


ON RESULTS OF 


= 


| 


At were conduits just full 
What wes as highest ai reached on on upper gage 
When. 
What was total rainfall for this storm. 
When did it start_______ Wen dia it 
IG. 18.—Form FOR READING Ruconps, 


ALL STATIONS | RIVER STATIONS ONLY | | RIVER STATIONS ONLY | STATIONS ONLY AMS ONLY 


DrainageRainfall\ Runoff Max Max, Max Disch \ Max. fax. Elev. 
LOCATION Area Yaverage Raintall\ Runof? Second \Sec.feet Time Time me ms. Below Time 
Milles Above 5% 24 Feet Mi 


Germantown | 272 | 
Englewood 
it ockington 
| Taylorsville 
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ULTS OF MIAMI FLOOD CONTROL SYSTEM 
run- off in 4 hours may be obtained also from this ‘curve. Maximum 

e obtained from the > rating curves, 


‘those | stations. inflow outflow at the dams are obtained 


curves from data contained on the observers’ record (Fig. 
18) and from the rating « curves at stations just below the ¢ dam sits 


Recently, y, a number of silt- -catching boxes have been installed of 


major storm, ‘measurements are e made of the ‘silt content within ee bones 
on the projecting bases. thus obtained are e recorded on the fact 
fut OA number 


 eross- have ‘taken at across the valleys n near the ailt inter-— 


vals of a year or more, these sections will be repeated and platted to a fairly 


large scale so that the of silt remaining a 


- may be measured x 


Time of Max. Stage__.._ Ohic 


re 


Condition o of Ground have 


Wet— — Very Wet—Frozen cutti 


| 


Depth | Depth “of th 
acd 
obtai 
“secur 
at 
or fc 
deter 


“used by the ‘Govlogicst Survey and the District. 


Morris Kxowzes,t XM. Am. Soo. C. (by letter). paper is sa 
interesting contribution to the already voluminous literature ‘on flood protec 
works. Its however, Ties in ‘the fact that it resents actual 


Pres. and Chf. Engr., Morris Knowles, Inc., ‘Pa. 
4 Received by the 12, 1928. 
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data and they are the kind of which the profession should have more, as a guide ~ 
to the e design of f future plans of controlling devastating floods. _ ie 

= As the author states,* ‘ the period of six, years since the ¢ completion of the — 
Miami System is not long enough to . warrant final conclusion, but the observa- 

; tions so far obtained are of value in two respects: T hey demonstrate that the | 
-basie formulas involved in the original studies and the method of attacking» 

; the problem have been sound 1. Of additional interest the observations 

i which have been ‘made with | great care to 0 determine values of the roughness ~ 

factor, n n. Even with the data already | at hand, additional values for this factor 7 
always desirable, particularly f for improved channels, as in this case. 

q It is to be noted that observed values of n 1 for the improved channels ; ranged 

— from 0.015 to 0.0285, but most of them were of the higher values. The low 
v alue of 0. 015 has been readily explained. The originally adopted values were 
from 0.02 25 to 0.025. The higher figures” obtained from observation more 
‘nearly approach the value of 0.030 which has often been as a general 
criterion for natural river channels of large sizes. Studies recently te along _ 
Ohio River show values for this coefficient from 0. 035 to 0. 


in| ‘the main channel. These are, of course, in an. reach of the 


- The retarding basins, which formed the major parts s of the Miami project, 
pom demonstrated their effectiveness. While they are a departure from the 


generally accepted idea of storage basins, they have shown their value in 


cutting down peak - flows, in in distributing the flow over a longer period, and in> 
demonstrating the fact that their operation is entirely automatic. The design 
of ‘the conduits through the dams has been found to be sound and here, , again, 
some interesting observations | upon the value of n have been obtained, which 


engineers of the District are to be. commended for thoroughness | in 
obtaining rainfall and run-off data, and for the p provisions being made for 
“securing more of this information by additional stations. It is 8 wisely pointed E- 
“out that it is impossible to deter mine run- 1-off from rainfall by any fixed rule 
or formula. careful observations | of all the factors. entering into” the 
determination of run-off will be of great value to those who do not have the a 
facilities, either i in time 1 oF ‘money, t to obtain the detailed field data for similar 7 
ys One of the most interesting features of the entire paper is that part which > 
| compares the actual run- -off at Dayton, which occurred i in March, 1927, with the _ 
probable run-off without the improvements, A reduction of 27% in the ‘peak | 
flow, which might have taken place, represents considerable less possible flood _ 


retarding basins and channel improvements along the Miami 


River have already proved beneficial to the District and from the observed data tay 


already obtained, it is pion that : the 1913 disaster can never be repeated. 


a ALTER M. M. Am. ‘Soo. C. E. letter). writer has 
this paper with: a great | deal of interest, because the dams, conduits, and spill- - 


Am. Soc. C. E., May, 1928, Papers and Discussions, p. 1371. 
7 Chf. Designing Engr., Div. of Waterways, Dept. of Purchases and Constr., State of 


Minois: Cons. Engr. Greater Chicago Lake Water Co., Chicago Ill, 
7 
Ne Received by the Secretary, June 15 , 1928. 
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to know that the six years of have justified and constr uc- 
ten of the project as a whole as well as the individual units. spinach 
writer always. had the idea that the value, = 0.018, for the 
— conduits: would prove too high and that, therefore, more water would be dis- 
_ charged ai and less held in ‘storage than the computed quantity. | The concrete 


of the conduits ws was made v very rich in ‘cement—about 2 bbl. Der cu. yd. ofc con- a 


~ abrasion. and | a growth of ¢ any y kind of moss or r other “material. The material 
carried through the conduits during floods will naturally scour the floor 
_ somewhat, but should not affect the other parts of the surface. — Therefore, the 


Toughness factor, m, should not change very much over a Jong period. is 


ttle higher anni is ever in order to a of safety. In 


ease » of the Miami Conservancy work, howe ever, assigning too large a a value to n } 
does not give a factor of safety, but the reverse. the actual 4 


than as Should hold at the and 
Huffman Dams, the total flow for the maximum flood through Dayton would 
be about 114 000 sec-ft. plus the craeenes flow below the dams, instead of 
about 100 000 sec-ft. plus this flow. As the channels through the towns were 
designed and built to accommodate the computed flow, 


It is regrettable that the author does nc not give results of. observations at. 
the Taylorsville and Huffman sites if they have been made, because th the flow 


from these two sites combined i is 73 times as great as that at Englewood. Tf 
none has been made, it would seem that in view w of results at Englewood, 
48 obser vations at these two sites should be taken at as early a date as possible. | 
With regard to entry loss of head the conduits i in all eases were built with | 
_ a carefully designed bellmouth to prevent, not only loss of head at entrance, 
b it to prevent vibration and booming caused by entrapping air just inside the 
entrance as would happen if the entrance had been built w ith a sharp p ele, 
The vertical section through the Germantown Conduit (see Fig. 6*) shows | 
this entrance with a very slight rounding, much less than it really has. As the 
author has not_ mentioned any trouble from vibration or booming at the 
entrances it is ‘amen by the writer that the bellmouth entrance is properly 
_ designed. _ This was one of the most serious features of the design an: and one val 


ss * Proceedinys, Am. Soc. C. E., May, 1928, Papers and Discussions, p. 1377. 2 
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MEMOIRS OF DECEASED MEMBERS” 
will be reproduced in the volumes of ‘Transactions. Any information 
_ which will amplify the records as kere printed, or correct any errors, should be forwarded to 


the Secretary prior to the final publication. 

val WILLARD: BEAHAN, M. Am. Soe. C. 


Fesruary 5, 1928. 


py. Willard ‘Watkins, N.Y. , on January 15, 1854, the son 
James" and Harriet (Griswold) Beahan. His grandfather was from the 


north of and Scotch- Trish ancestry ; his mother English 


Memoirs] MEMOIR OF WILLARD BEAHAN 


| Mr. for college at Starkey Seminary, | Starkey, N. 
was graduated in 1873. mtered Cornell University, Ithaca, N. Y., in| 
“4874, from which he was graduated in in | 1878 with the degree of Bachelor in 


Civil Engineering. He 1 took a prominent part in class and college activities, 
“playing « on his class football team and in his Senior | year being elected tee 
; Historian and Chief Engineer. . After graduation he w was elected to Sigma XI 
‘ and Tau Beta eM honorary fraternities. He also” became Life Secretary of 


his Class, and at the - time of his death y was preparing for the 50- -year reunion, — 
B After his graduation. from Cornell University i in 1878 he entered the service | 


of the United States Corps of Engineers as Assistant Instrumentman and, 
later, as Computer | on the Mississippi River Survey. In 1880, he was employed 


byt the Gould Lines i in 1 the Southwest - * Rodman on the e Texas an and Pacific 


‘ 
Railway. £ He was advanced to the position of Division Engineer i in 1881 and 
ie became Division Engineer on the Fort Worth and Denver City Railway | 
- where he was in charge of location and construction, = 


Bi After an interval of one year, from March, 1883, to March, 1884, during © 


which time he was employed as a Transitman on ‘the Lehigh Valley | Railroad, - 


Mr. Beahan returned to the Southwest as Division Engineer on the Missouri — 
- Pacific ‘Railway, where he remained until February, 1889, engaged i in location, © 
construction, and “maintenance. He then went to America| with ‘the 


North a South American Construction Company as Superintendent of 


Construction and Bridge 1 Engineer « of the Chilean Railway. * Before the aa 


of the year a revolution interfered with the progress | of this work and Mr. 
Beahan crossed the Andes on a mule, made his way to Buenos Aires, Argen- c. 
tina, and returned to the United States via Europe. 


During 1891, he was Superintendent of Streets of St. “Louis, Mo. In a 
after years, Mr. Beahan was accustomed to refer, to this engagement as ‘the 
when he was political “boss” of St. Louis. 


J Fe rom November, 1891, to December, 1896, he was with the Anderson and 
Barr ‘Company in in various capacities. As President of the Anderson and Barr 


| 


_* Memoir prepared by George M. Am. Soc. C. E. 
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4g OF ARD BEAH AN 
Clay Company, he developed a large and important business in 
facture of clay in Streator, Th 1896 and 1897 he wa s Lecturer 
on 


September, 1898, to September, 1900, he was again with the Lehigh Valley 
Railroad Company as Engineer of Maintenance, following which, he served 
as Division Engineer on the Chicago and Northwestern Railway until March, 


From 1905 to 1924, Mr. Beahan was First Assistant Engineer on the staff 


of the Chief Engineer of the New York Central Railroad Company at Cleve- 
land, Ohio. This lone engagement ended with his: retirement under ‘the age 


and pension rules, 2 Immediately + thereafter, he entered ‘the service of the 
- “Nickel Plate Road” (New York, Chicago, ; and St. Louis: Railroad Company) 
a as ‘Special: Engineer i in charge of relocation surveys. 7 After apparently ‘recov- 
ering from the effects of a serious operation, he continued to do consulting 


Ay 
e work | for the Erie Railroad Company, but i in the latter part of 1927 his health 


weal Ih 1892, , he was married tc to Bessie B. DeW itt, 1 survives him, He i e is 


« 


Me. Beahan’ s interest in Cornell University continued throughout his life. 
. ‘He was an member of the Cornell Society of Civil Engineers of New York 
and was one of the leaders i in organizing the Northeastern Ohio Cornell. Ass 0- 
ciation. "Bes was elected Tru of Cornell University in 1900, and, 


again, in 1909. 


the » guidance of y ‘engineers 1 never 


Board of Managers 0 of the Cleveland Young: Men’ Association 
for years, ‘served as Chairman of the ‘Committee on ‘Technical Eduea- 
. His many talks to to young engi- 


“neers and “students on 1 the of Human ngineering were ‘illustrated 
copiously by incidents from his. own long and notable career. 


a ‘During long residence Cleveland, Mr. Beahan became identified 
with the civic and professional life of the community. >| He was a member of 
“the Congregational Church and especially a leader and adviser of 3 young 


men. He was: a ‘member of the Cleveland Engineering Society (President, 


4 1908), Board of Civie League of Cleveland, Cleveland Chamber of Com- 


a: the American Railway Engineering Association. “He was a ‘the first t Pres 


dent of the Cleveland Section of the Society. 
Yet _ He was the author of “The Field Practice of Railway Location” ‘ , and was 


a contributor to the publications of the 
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“MEMOIR OF CLARENCE) “AUSTIN 


CLARENCE AUSTIN CRANE, M. Am. Soe. 
Clarence Austin” Crane was | born in New York, 


1874. He was. the son of W arren Cady and Caroline (Cleveland) and 


was descended from a long line of English ancestors, both great- -great-grand- 


fathers having served in the War of the Revolution. 


After his preliminary ‘education had been completed in the ‘preparatory 


schools of New York, Mr. Crane attended the School of Mines , Columbia — 
University, 1891 and 1892. From October, 1893, to April, 1894, 


was a student at Lehigh University, South B Bethlehem, 7. oe 


< Previous to this time, Mr. Crane had been connected with the seein 


Department of the New York, ‘Susquehanna, and Western Railroad 
pany, but after leaving college he resigned this position to become Assistant 
‘Engineer with the Department of Parks of the City of New York. In tot 


position, he was engaged in many plans which 


* 


Aqueduct Commission, on on the construction Jerome ‘Park In 


1903, he resigne 


sulting Engineer. As he was engaged in surveying in the 
of Manhattan and bind Bronx, and elsewhere, and had “charge of 


ps 
grading, pavin He: also” served as a City. Sur- 


_veyor in the of Manhattan ull was engaged in street grading, 


on the upper part of New York City. 


In 1909, Mr. Crane founded and organized the General 
ciation, which through his efforts developed into the present influential organi- 
zation. — As Secretary, of this Association, he was active in encouraging the ca 
enactment: of statutes infinitely beneficial to contracting interests as well as _ 


Although unfailing i in his devotion to the Mr. Crane’ activi- 


afi 
tie were by no means Timited to this one undertaking. was a student 
of and possessed an intimate knowledge of public affairs. He was a civil . 
engineer with practical experience in engineering problems of Peet and cor con- 


struction. His advice and counsel were sought by his friends generally, as 


‘yell ll as by p ublie officials and members of the Association, to all of whom 


he was equally helpful in ‘solving difficult civic, ae and engineering 


‘He had a magnetism and charm of personality that won for him a loyal - 


affection and respect, and made people seek to be with him. He w was a devoted Be 


husband and father, constantly interested and eager for welfare and 


happiness of his family. He is survived by his widow, 
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two "daughters, Cleveland and Edna, and one son, ‘Warren 

Cad yy 2d; as well as his father, Mr. Warren Cady Crane, two sisters, Miss 

= y B. Crane and Mrs. J. Harvey Birch, and one brother, Mr. . Frank 

- Mr. ‘Crane was a member of Mayor Walker’s : City Plan Committee, the 


atio Seymour Democratic Club, , and the Sheriff's Jury, Third ‘Panel. 

_ He was also a member af th the Engineers C Club, ‘the | Sons of the ‘Revolution, $ St. 
Lodge No. 1 F. M., and the Chapel of the Intercession « of 


Mr. Crane was elected an Associate Member of the American Society of 
Engineers on March 1902 2, and a Member on May 4, 1909. He was 
also a member of the New York Section. 
SAMES HENRY KENNEDY, M. Am. 
Diep OctoBer 21, 1927. 


“si _ The passing of James — Kennedy laid to rest one more of those fine 
old personalities who > link this somewhat m materialistic age with the romance , 
of the railway builders of 40 or 50 years ago. That splendid group of: pioneers 
have much color to the history of ‘National development on this Con- 

tinent. ‘Their part in those great enterprises which traversed the vast and 

beautiful of Nature in the Northern and ‘Western wilds, fashioned 
of character and purpose which has endeared them to all © 

rightly added to the pride and pleasure in their "achievements. As Mr 


Kennedy was an honored and respected representative of that passing genera- 
tion of nation builders, it seems fitting that this brief narrative of his life 


- should endeavor to retain: at least some ‘trace ¢ of the ‘spirit which lifted him 

. out of the humdrum of uneventful existence into adventure and success as a 
pioneer engineer a realm of great and noble enterprise. 


_— James” Henry Kennedy was born on March | 3, 1852, at Stittsville, | Ont., 
Canada, which is just a few miles from Ottawa. His boyhood was spent ona 
in Elgin County, Ontario, near St. ‘Thomas. ‘There he developed a 


+ 


“sturdy physique, a clean healthy : mind, and a ‘stirring ambition. < His religious 
ideals were fostered i in a Baptist atmosphere, and the habits of youth remained 


‘His early education was: received at a school, and it was not until 


OE 


his twenty- fifth year that he ‘commenced his higher education at WwW oodstock 


College, Ontario. Two 3 years later, in October, 1879, he entered, as a Freshman, 
P: the old School of Practical Science, now recognized ai as the Faculty of Applied 


Science and Engineering g of the University of Toronto. ‘Under the personal 


instruction of the late Dean John Galbraith, with whom he formed a oh 


io 


- friendship, he was graduated with honors in Gel Engineering in 1882, a 


age of thirty. . This marked the commencement of his professional career. 
* Memoir prepared by P. H. Buchan, Esq., Vancouver, B. C., Canada. 
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Memoir 


‘ it was typical of Mr. Kennedy’ odesty that he habitually termed himself 
“an awful duffer at se chool”, but the fact that he attempted and gained 


university education without a single failure, at such a mature age, is sig- 
ers 


nificant of his strength ¢ of character and mental ability. During his latter days 
che was the recipient of much honor and frequent -eongratulations in 1 recogni-— 
tion of his being the oldest living graduate of the School of Practical Science, — - 
and the possessor of the degree of Civil Engineer awarded to him by 1 the 
His; first engineering job was as Rodman and F Field Draftsman on a survey 


for the Canadian Pacific Railway during | the summer ar of 1882, but in Septem- Za 
ber of that year he was appointed Assistant Engineer « on the re- ‘measurement: a 


2 of Section “B”, and in April, 1883, was promoted to be Assistant Engineer on s&s 


‘the location and construction of the Lake Superior Division, where he con- 
After spending: three years in the v wilds, Mr. . Kennedy ee eh felt the 
E attraction of civilization for, i in July, 1885, he was articled to A. D . Baikie, 
Provincial Land Surveyor, at St. Thomas, with: whom he remained ‘until he 
obtained his Ontario Land Surveyor’s certificate (O. L. Ss.) in the spring of 
1887. In ‘May, 1887, he was re- -engaged by the Canadian 
“ ‘Company as as Locating Engineer on the Detroit Extension, between Woodstock ~ 
_ and London, Ont., and afterward on the location and construction of the 
| Seasieneete Railway i in Quebec and New Brunswick. In ‘May, 1889, he went 7 
to Minnesota to enter private practice in Wi inona as ‘Deputy County Surveyor i 
with: the late M. S. Parker, M. Am. Soc. C. E.; but 
was employed as Inspector 0 of Tracklayi nae on the Neighart Branch of the | 
the next five years, Kennedy was very active on railway con-_ 
struction in the United States. In July, 1889, his services were engaged | by) 
the Great Northern Railway Company a as Engineer in charge of su surveys and a. 
construction on Rocky Mountain Divi ision of the Pacific Extension in 
Montana, through what i is now known as as Glacier National Park. To have 
- progressed thus far, from an _ inexperienced Rodman on a survey party, in 
only seven years, . points strongly to his enthusiasm and skill. He remained __ 
Sa this great project until March, 1892, after which he ‘spent eighteen 
- months on the construction of the Sianeli. St. Paul, and Sault Ste. Marie 
§ Railway extensions in North Dakota. isd During this period he made examina- 
tions and reports: on all the bridges in the ‘ ‘Soo’ System for the ite W. 
Rich, M. Am. Soe. ©. ‘then Chief Engineer of the “Soo” Lines. wilt ad 
In August, 1894, the spell was broken for the second time, and Mr. z 
Kennedy resumed private practice as a Land Surveyor under his own “name 
at St. Thomas. Concurrently, became interested in a machine shop and 
bieyele factory in that city. However, three years of life in civilized parts 
to satisfy him, for in ‘February, 1898, , he engaged with MacKenzie 
Mann, ‘under the direction of Mr. H. White, to, go to the Stickine 
River in charge of Yukon Railway surveys "between Telegraph Creek 
Teslin. Lake, i in British Columbia. He remained there until mid- summer 
a and then went south to take charge of the location of a line in the Okanagan, — 7 
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MEMOIR OF JAMES HENRY KENNEDY 


Penticton to Midway, B.C. Later, he made several surveys for the 
British American Coal Company in the vicinity a Crone Nest Pass, which Jf 
spent two years British Columbia, his future home, ‘and then 
4 returned 1 to Ontario, where he was engaged to locate an electric railway from 
~ London ‘to Port Stanley, 1 near the scenes of his boyhood. The call of the 
wilderness, however, soon lured him away to Michipicoton Harbor, where 
he took charge of three survey parties | for t the Algoma Central Railway 
Company, ‘from the great Algoma iron mines ‘to Sault Ste. Marie. a It v was | 
during the winter of 1900- -01 that he made a r reconnaissance on snowshoes 


> down the Agawa River to Agawa Bay, in company y with the late William | 

Having reached the age of forty-nine years, Mr. Kennedy more 
‘turned his: face westward, this time to stay. In February, 1901, he re- -entered 
the service of MacKenzie and Mann as Assistant Chief Engineer on on the 
a of the Vancouver, Victoria and Eastern Railway and Navigation 
——— s line from Penticton to » Midway, on the location surveyed by 
himself in 1899. This line was” acquired by the Great Northern Railway 
_ Company during 1901, and Mr. Kennedy acted in the same capacity with the 
latter years had since wee previous: engagement with 


inv¢ woh Cer 

“rough country, the ‘the most difficult portions the branch Tine 
from Laurier to Grand Forks, B. through the Kettle ‘Valley, and wed 

longer section of main line between Chopaka and Brookmere through the nee 
Similkameen and Tulameen alleys. This | construction called for a high 


degree of engineering initiative and skill to bring it to a successful 
i, clusion, and Mr. Kennedy believed it to be the most difficult y piece of railway 
construction he had ever undertaken. ‘His retirement completed 
-years” with the Great Northern Railway Company on railway extensions. 
— In 1916, he opened an an office for consulting practice at Vancouver, aon. 

izing in railway construction. He was also engaged on inspection work for 
the British Columbian Government. during 1916 to 1917, on the: construction 


the Pacific Great Eastern Railway. From 1918 t o 1992 he was retained 


by the Brooks, Scanlon, O’ Brien Logging Company as Consulting Engineer — 
on logging railway cc construction. In the summer of 1923 he made an “inspec 
tion and r report ‘on the Edmonton, ‘Dunvegan, and British Columbia Railway 
for the Alberta | Government, and did 1 further 1 work of the same nature on n this” 
Tine § in the late fall of 1926. During 1924 and 1925 he acted as Inspector of 
Highway work for the Great ‘Northern Railway Company at Rock 
‘That Mr. Kennedy kept i in harness until he was 18 nearly seventy- -five years 
age is no slight tribute to his ‘splendid physical and mental qualities. 
professional career covered a period o of forty- -five years. 1387, 
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‘MEMOIR OF FRANK 


he joined the Canadian Society of Civil Engineers as an Associate —ae 7 


his election to. ‘Membership occurring on May 18, 1893. Toward ‘the close 
of his career he was granted Life Membership by the Engineering Institute of. 


Canada (the ‘successor « of the Canadian ‘Society. of Civil Engineers) and also 


October ¢ 6, 1923, Mr. Kennedy | sat for a group photograph comprising 
H. White and the late H. J. Cambie, Members of the Engineering Insti- 


_ tute of Canada, and himself, in commemoration of their distinguished services — 


Pioneer| Railway Builders in ‘British Columbia. An enlargement of this 
oup was presented by the Institute to ‘the Provincial Librar ary at Victoria 


1924, This group is is unique for several reasons, not the least interesting 


oe 


being the fact that Mr. Kennedy, although seventy- two ras the youngest 
member 


> 


Among his varied interests during his later years, he was Vice-President of 
Pacific Investment Corporation of ‘Vancouver, and served as a member 


of the Executive of the Convocation of. the University of British Columbia. 
He was: a member and regular attendant of the First ‘Baptist ‘Church of * 


he On June 30, 1884, he was married to Annie Huntley, ¢ at ‘Dusaiaai: Ont. He 7 
survived by his widow, two sons, ‘Edward and Arthur, and one 
Alice (Mrs. Harold P. Cowan, of Toronto). There are four grandchildren. 
Mr. ‘Kennedy failed noticeably in 1 his last year, although he believed that a 
contemplated. trip to California would restore his former vigor. He passed 
5 aw ay quite suddenly at his home i in Vancouver and was buried in Ocean View b. 


Cemetery, ;, leaving to his n: native Canada a long record 0 of honor able achieve- 7 


oM Kennedy was elected a Member of the American S Society of Civil 

m- PRANK OSCAR MAXSON, M. Am. Soc. 
ial- by Frank Oscar Maxson was born in Stillmanville, Conn., on August 8, 1851, 
for pioneer stock. When he was three years of age his influenced by 
jon the: Western movement of the times, went to California, making the journey 


the: long circuitous route of the Isthmus of Panama. years were 


a sister \ were | 1862, health com 


way ‘pelled h his mother 1 to return to her home in Rhode Island and the four children 7 
r of my _ After his mother’s death, Mr. Maxson and his brother, Louis, “boarded a 
out”, helping to | support by carrying papers | before in the 
the younger children. being cared for by relatives. The two older 
ears” boys attended the public schools of Norwich, Conn., and, later, the Norwich 
His § Free Academy; Mr. Maxson then entered the Sheffield Scientific School of oy 
887, * Memoir prepared by DeWitt ‘Webb, Mz. Am. Soc. C. EL 
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MEMOIR ‘OF FR AN MAXSON 


posts -graduate Ww work, 


ae one of the authentic a that 
=. . He continued in this work for seven years, half of each year being 


8s spent ‘ Gn the field”, the other half in Washington, D. C., plotting and  coningent- 
ing the data which bed had acquired. 


In October, 1881, Mr. Maxson successfully y passed an examination m for 


4 appointment to the Corps of Civil Engineers, U. ‘Ss. Navy. He was com- 


Pensacola, ‘Fila. a. He served successively at the ‘New York, Boston, Mass, 
Washington, and Mare Island, Calif, Navy Yards. ‘During the early days of 
the war war with Spain he was sent to the Norfolk, Va, Navy where he } 
q served during the war period. He attained the rank of eine ne 


in 1898, C Commander i in 1901, and Captain i in 1906. Following ” close of the 


7 war with Spain, Captain Maxson returned to the Boston Yard. — oe 
. of In 1901, he » was ordered to the Seman Islands to take an of publi 


-yeturned to the United States early in 1904 and was detailed to the League 
Island Navy Yard at Philadelphia, Pa. Following subsequent duties at 
_ Portsmouth, N. H., and Key West, Fla., he was transferred to the retired list | 
with: the rank of Captain i in August, 1913. In 1915, he: was ‘recalled to : active 
duty and detailed to assist the Department of Justice in Washington i in the 
_ prosecution of several lawsuits involving Navy contracts. He completed this 
— duty in February, 1917, and reverted to an inactive status on n the retired list. 7 
‘The outbreak of the World War made it necessary again to recall Captain 
"Maxson to active service. In October, 1917, he was placed in charge of all 
N aval ‘public works i in the Seventh ‘Naval District, with headquarters at Key 
West. He performed meritorious service in this capacity, having charge of the - 
construction of many i important Naval war- -time projects, i including quay — 


walls, ‘Piers, barracks, hospital buildings, and the: Air Ration. at Fla. 


moved W ash., where “be: at of death, 
He contracted pneumonia ot the he middle of January, 1928, and d passed away 


q for Captain Maxson’s career as a civil _ engineer was praiseworthy. OA All his © 
4 


work: exemplified his careful foresight and professional attainments. His 7 


patriotism and generous consideration for his fellow n ‘men were outstanding 
_ characteristics. Any undertaking for the his or 


his whole- hearted support. 


an Doren. is survived by his widow, sons, Dr. | 


> 


Yale University, at New Haven, ‘Conn. Later he ‘returned to the Norwich and 
7 r one year, after which he re-entered Yale for a year 9 Ma: 
ted his studies, Mr. Maxson began his long and faithful De 
service to the United States Government, as Topographer of a engaged 
7 in surveying the States of Colorado, New Mexico, and Arizona. The work Feu 
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home life was: ideal and continu for 


1927, the golden sod Mex 


of had a most and a keen 
online of human nature. These traits, together with a delightful sense of 7 
humor which w was ha habitually expressed i in good-natured banter, deeply endeared 
pa For many years Captain “Maxson was an Elder of the Metropolitan Presby- 7 
— terian Church, of Washington, D. C., and at the time of his death was a_ 
Trustee in the Coupeville rregational Church. also taught large 
Sunday School cla classes in ‘Washington, Key West, and ‘elsewhere. He was 
“not a man whose e religious spirit | was confined t to the chureh, but rather one 
who carried it with him into his ev veryday life, a as shown by his innumerable — 


kind deeds generous service for others. wih: 


‘Maxson was elected “Member of the American of Civil 


MORRIS | JOHN RIGGS, Am. Soe. * 
Diep Frprvary 7, “1928. 


is John Riess was” born on his emer 


on January 14, 1862. His parents were William and Sophronia 
‘He was educated in the district schools 


‘Riggs, early of that State. 
of Bremer County, in the High School, at Waverly, Towa, a nd i in 1 Towa State - 


College, at Ames, from which he was” graduated in June, 1883, , With a 


- 
“degree of Bachelor of Civil Engineering, having specialized i in engi- 
neering. In 1905 , he obtained from his Alma Mater the degree of Civil 


es Before enteri ing college in 1880, Mr. . Riggs had s spent four years teaching 
the district schools. He worked his way through ‘college, milking cows 


performing other services on the Agricultural ‘Farm. He was also the 
first Business Manager ve Athletics at Ames, and was known as the “Father 


the » Memorial nion”, which he was President for five years, ater 
becoming Honorary President. was” to his: tireless: efforts 


Ped 


always retained ‘great ‘interest in Mater, frequent 


the college. 1920 to 1924, he served as President of the Alumni 


+ 4 Memoir prepared b by ‘Walter J J. ‘Sherman: and i George A AL ‘Taylor, ‘Members, 
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Following his nis graduation ‘Riggs 
county mape in Kansas. In the spring of 1885, he became Bridge. 
7 for Mr. S. M. Hewett, pry at Minneapolis, Minn., for the Smith Bridge , 
Company of Toledo, Ohio. In Suly, 1887, wen appointed Drafts- 

man, Designer, and Estimator f for this Company and continued i in that position 


$s ‘until April, 1893, when he became Chief Engineer of the Toledo Bridge Com- 
pany, the successor to the Smith Bridge Company. ~The Toledo Bridge. 


Company, in turn, by the American Bridge Company and 
ig ‘April, 1901, | Mr. Rig ges was appointed Manager of the Toledo Plant of this 

‘a > firm, in which capacity he served until his death. In « connection with his 
duties he had charge of numerous important works, among which owas: the 
design and construction of the Toledo’ Plant of the American Bride Com- 
pany. ‘During - the many years he served these several bridge he 


a. the ie time + of his death M Mr. ‘Riggs was President of + the Toledo Section 
-. of the Society, of the Chamber | of ‘Commerce, of the Young Men’s Christian 


Association, at ‘Toledo, a nd also of the Ohio “State Young Men’s Chris- 


tian Association. He had served the local organization as President for sixteen ; 


and was” very much interested in its work, serving also as a ‘member 
of its National Council. — ‘He was a member of the Ashland Avenue Baptist 
Church and leader of its Men’s Class. . During 1 the World W ar he was very 
active in the several Liberty Loan Campaigns. 


On one oceasion (in 1910), 


he was nominated for Mayor of. Toledo ‘on the 
sive Ticket. Mr. Riggs was also a member of the Inverness Club of Toledo. 


Bt October 11, 1893, Mr. Riggs was 1 married to Alma M. M. Fassett, daughter 
of the late Elias Fassett, an early pioneer of Toledo. 


On n Thursday, February 4, 1 1926, Riggs of an ear 


while 3 returning from a trip to Detroit, Mich. - He became unconscious | on 

- ‘Friday and remained so. until his death on Sunday, February 7 7 , 1926, the 

— eause of which was ‘announced. as spinal meningitis. He is survived by his 

Ales Fassett Riggs; a sister, |_Sarah M. Riggs, Head of the Depart-— 
ment of History in the State Normal School, at Cedar Falls, Towa; another - 
‘sister, Mrs. Luderne Franklin, | of Chicago, Ill.; and one brother, 

| Riggs s, who. lives on the old 240-acre homestead at Horton, Towa. ‘e 


es On February 9, 1926, ‘memorial services w were held at the Ashland nent 


Baptist Church, attended by delegations representing the ‘Young’s s Men’s 


| Christian Association, the Towa State College, the Chamber of Commerce, 
the Rotary Club , and the American Bridge Company. | Testimonials were 
given by officers of the Church and Sunday by of the 
“numerous delegations present. 


Rotary, silent "prayers were offer ed and an appropriate tribute was. 


At the time of Mr. Riggs’ funeral the Chamber ‘of Commerce was 
. closed out of respect to ) the: memory of. one of its most valuable members, oo 
the City Council ‘declared i in a resolution that he had been one of the City’s 

outstanding civic leaders. His was a “life widely useful, strangely courageous, 


and always | busy with a te tenderness, persistency, and men”. 


— 
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‘MEMOIR OF GLENN “MASON 8 COFIELD 
In the of Morris Riggs, the City of Toledo has lost an 
citizen, the American Bridge Company, an efficient, Managing Engineer, the 
Chamber of Commerce, an earnest worker the interests of his adopted 
i City, the engineers of Toledo a ‘sympathetic friend, the Young Men’s s Chris-_ 
7 tian Association of Toledo, a most liberal ‘supporter, , and the C Church to which 
= Mr. Riggs was electe a Member of the American Society of Civil Engi- | 
GLENN SCOFIELD, M. Am. | Soc. C. E* 
Diep Decemper 2 21, 1926. 
on of George Vincent Scofield and Emily Scofield, both 
whom | were of typical New ‘England stock, their families having landed in 
Connecticut and worked their way northwestward to Northern New 
His father, who was born in Jefferson County, New York, on October 20, 


1831, was a Hydraulic Engineer at a time when small p power plants were the | a 


faithful worker, in the church of her town. 
Scofield’s early education was acquired in the ‘Grammer § School | and 
High School at Hermon. He ‘then entered the Engineering Department of 


Union College, at ‘Schenectady, N. from which he was graduated i in 1897 


- ‘His first professional experience was as Engineer with the Youngstown 


Bridge Company, after which he Assistant Manager of the New 


= 


ra In 1903, he and his brother, Edson Mason Scofield, i Am Soe. CO is 
for med the Scofield Engineering Company of of Philadelphia, Pa. . A few years | 
later t the two brothers. associated with themselves, Mr. Frank Daugherty, 
‘N ationally known electrical engineer. In 1920, these three, with Mr. Ford J. 
a well- known engineer, the Scofield Engineering 


engineering” and construction to more than $300 000 000, of 


which the following are ‘samples: oy coaling station for 1 the U. S. ‘Navy, at 
Guantanamo, Cuba; the steel work for a coaling station for the U. S. Navy, | 
at Manila Harbor, Philippine Islands; dry docks for the U.S. Navy, at League ry 


Island Navy Yard, Philadelphia, Pa., and at the Mare Island Navy Yard, - 
San Francisco, Calif.; power stations s for the Harwood Electric Company, at 

4 Hazleton, Pa., and for the City of J acksonville, Fla. ; concrete ships for the 
Shipping Board, during ‘the World War, at San Diego, Calif. ; the 
- Pacifie Mutual Life Insurance Building; the Biltmore Hotel; the Biltmore _ 


4 Theatre; the Hellman Bank Building; the Building; ; the 
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the Sears-I Roebuck Buildings, all of Los Angeles, Calif. ; the 


- MEMOIR OF KIRBY LEE STRICKLAND 


Elks Club Building g; the Barker Building ; the Commercial Club; the Ebell 
Club; the Hospital of the Good Suncaiens ‘the Title Insurance and Trust 


ooper Arms Apartments, at Long Beach, Calif. ; and the Pacifie Southwest _ 


C 
Trust and Savi ngs Bank, at Pasadena, Calif., and many other similar exam- salt 
p 


. Scofield had a wonderful a great sense of humor, he 
{ 


- was a good mixer and the life of the party wherever he might be. 1 Although | 
he was educated as an engineer, he early had concentrated his efforts on ond 
selling end of the business in which his temperament and character’ made 
= specially effective. >. He never forgot a face and took such a personal 
— in every new acquaintance that he could repeat the details of 


it the 
mecting after years of separation; 


Had he been spared longer, undoubtedly his works would have greatly 
enlarged, although | now they stand as an impressive monument to his talent 
and industry, and to that of his associates. ‘Mr. Scofield is survived by his 
partners, Messrs Edson. “Mason Scofield, Ford ‘Twaits, s, , and Frank Daugh- 
erty, who are carry ing on the work he so ably helped to create. was a 
a ‘member of the Union League of Philadelphia, and the University Club, the 
Elks Club, the Commercial Club, the Jonathan Club, and the Breakfast Club 


He was married at Chin, 14, 1899, to. 
May Clevely. He died | at Los Angeles | on December 21, 1926, while 3 in the: 


prime of life. 
Mr. Scofield w as elected a Member of the American Society of Civil Engi- 
KIRBY LEE STRICKLAND, M. Am, Soe. C. E.* Jo 


24 ‘Kirby | Lee ‘Strickland, the son of Thomas and Frances (Sewell) Strick zt 
' land, was born on November. -12, 1871, in Coweta County, Georgia. i He was. 
educated at the North Agricultural College, a a branch of ‘the 
‘Versity of Georgia, where he was in attendance three and one-half years. bee » 
i, July, 1896, Mr. Strickland entered the employ of the the Edgemoor Bridge | 


ee as Timekeeper and Assistant Engineer on the erection of steel ; peed 


tures, with which ‘Company he remained until 1901, at which time the American = 


Bridge Company was organized. The Edgemoor Bridge Works v was one of ‘the = 


various companies: which were amalgamated ‘the Bridge Com- 


4 


g Department of the newly 


he remained until in 1901, he the General Office at 
Pa., « as Assistant to Manager of the Erecting Department. wilt 


p: * Memoir prepared by the following Committee of the Illinois Section: Messrs. Albert 
teichmann, A. Robinson, and O. Dalstrom, Members, Am. Soc. Cc. 
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MEMOIR OF KIRBY LEE STRICKL: AND 
In April, 1904, ‘Mr. Strickland was appointed Assistant to the Manager of 
Eastern | Division | Erecting Department, with offices in Philadelphia, Pa. a 


which capacity he was employed until July, 1915. During this time e he 


“supervised the erection of steel structures of ¢ every description, , including the 
Baltimore : and Ohio and the Pennsylvania Railroad Bridges | ov ver the Susque- 


hanna River at Havre de Grace, Md. »and numerous bridges on the New York, . 
New Haven and Hartford, the | Philadelphia and Re ading, and the Southern, 


a In July, 1915, , he was appointed Division Erecting Manager of the Amer-_ 
jean , which position he held until the time 
of death. During this period he» ‘was in charge of the erection of 
large and important a few of which are the Chicago, 
and Quincy Railway Bridge across the Missouri River, at Kansas City, Mo.; 
Union Pacific Bridge across the Missouri River, at Omaha, Nebr. ; 
St. Joseph and Grand the Missouri River, at ‘St. Joseph, 
 Mo.; the Bismarck and Mandan Highway Bridge, over the ‘Missouri River ae 
_ Bismarck, N - Dak.; the Atchison, Topeka and Santa Fe R ailway Bridge across ie 
the Mississippi River, at Fort Madison, Iowa; the large steel ore: docks at 
Duluth and Two Harbors, ‘Minn. ; the Illinois Steel Company’s open hearth — 
buildings, at Gary, Ind., and South Hl. and many other erection 
for the United States Steel Corporation. During the World “War 
Mr. Strickland was active in the erection of various projects for supplying the 


aged States Government ¥ with war materials, notably the lare ge —_— ae 


of San. Bay, which v was during» the 
| 1927, It was while he was on a trip in connection with the completion « of this | 
_ work that he was taken sick with what proved to be his final ‘illness. ees 1 ae 
Strickland man of pleasing personality with numerous 
and admirers, who knew as a man of unusual resourcefulness 


ies pertaining to his” 
in the “Old South. He was held i in high esteem by all his 
‘associates throughout his long term of service with the: American Bridge 
Company, and he numbered among his friends many men prominent in a 


Engineering” Profession throughout the United States. He 1 was a member | 


; 


of the Western Society of Engineers and the Engineers’ Club of Chicago. 7 
= ‘Mr. Strickland had made his home in Evanston, IIl., a suburb of Chicago, . 
‘Mince 1915. On March 16, 1907, he was married to Charlotte, Barney, of Potts- 
town, Pa., v Ww ho died in 1921. Two . daughters by this n marriage, Eleanor and 
Elizabeth, survive him. On November 17, 1923, he was married to Amy Louise 


Halvorsen, of Chicago, who, with a a son, Kirby Lee, survives him. Mr. Strick- 
land j is also selene by his mother, Mrs. Ellen Byram, who has remained at 
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2036 MEMOIR OF EDWIN HALL WARNER 


IN HAL Wal w ARNER, M. Am, 


_ Edwin Hall Warner was born in New York, N. Y., on February 21, 1858, 


7 ‘4 the son of William H. _ and Anna Pamela (Conger) ‘Warner. He attended the 


: - University of the City of New York, (now New York University), and was 
registered in the 1 Polytechnic Engineering Department of the Scho 


Vs 


Mr. ‘Warner’s technical career was varied and important. During the 
"period from 1884 to 1886, he was engaged on the “Mexican National and 
“Mexican Central Railways, as Instrumentman and Assistant Engineer in 
charge of various construction works. During 1887 and 1888 he was Assistant 
_ Engineer and Acting Division Busiucen, Maintenance of Way, for the Union 
- Pacific Railway Company, with headquarters in Denver, Colo. e In 1888 : and 
1890 he acted as Assistant Chief Engineer | for the Seattle, Lake Shore and 
Eastern Railway Company (now the Northern Pacific System), with head-— 

quarters in Seattle, Wash. During this engagement he located and built 110° 
miles of railway from Snohomish, Wash., north to the Canadian boundary. 
| Bi __ From 1 1891 to 1898 M Mr. Warner was in private practice in Seattle, engaged 
v 4 in the development of mining properties, hydraulic power investigations, and 
Se. installation of mining ‘power plants; and for a part of the time, he acted as. 
City Engineer for Seattle, on n extensive ¢ construction of sewers. | From May, 
1898, to J January, 1899, he was Assistant Chief Engineer for the White Pass 
and Yukon Railway Company in charge of location north of Canadian 
; 2 Boundary. _ He located and built the first miles of track k extending out of 


‘Skagway. Mr. C. ‘5 Hawkins was Chief Engineer of this s extremely difficult 


From 1899 to 1903 Mr. Warner was engaged in private practice in Republic, 


as s Engineer for the Republic Mining Company, and also on various mine 


and installations. In 1903, he became Principal “Assistant 
Engineer for the Columbia Improvement Company (Stone and Webster 


Syndicate), the Puyallup Power development ie Electron, “Wash. the 
Engineer i in charge being Mr. J.O. Cunningham who was succeeded by George 
was” a 20 000, hp. installation, “and 


“during the carly forces under Me.. Warner’ s supervision included as 


— 1904 he moved to California and became Chief Engineer of the Abbot 


4 ‘Company, at t Venice, supervising the canals and ier ‘this, om one 


senoaintal with the late late James Dix Schuyler, M. Am. Soe. OE, oak in 1905, 
z E became Chief Engineer of ‘the Tri- State Land Company, at Scottsbluff Nebr. 
= - —a project for which Mr. Schuyler wa was ; Consulting Engineer. The location of 


00 miles of canal a 1 -sec. ft. flow, and construction of 25 


and Philip Schuyler, 
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1906, to January, 
Schuyler’s instance. 

“Mexico, where he had responsible charge of dam, tunnel, conduit, and: machine | 


thops and the construction of 22 miles of railway. 
From 1907 to 1910 he was engaged in private practice it in Los, ‘Angeles, 


Calif, personel irrigation projects, buildings, and ocean piers. 7 From 1 1910 to 
“1916 he was Constructing Engineer for the Southern California Edison Com- 


4 


pany, with headquarters at Los Angeles. His duties included the e construction = 
of the 65 000 h. p. generating : station at Long Beach, Calif., about it twenty- -five 
_ sub-stations, ‘and the direct supervision of a large p power ‘tunnel on the Kern 7 


“River. | From 1916 to 1919 he was again in private practice, acting, among a 
other ‘engagements, for the American Trona Company at § Pedro at and 
Searles Lake, Calif., ., in potash production. 


From i 1919 to (1921 Mr. “Warner served as. Construction for 


important concrete dams in California, namely, the Kerckhoff Dam, of the il : 
oaquin L Light and Power on the San J and the Snow 


an 
Mrs. 


removing to Burlingame, Calif., he and 


Warner established a ‘delightful } home. in his office i in ‘Burlingame t a 
he died of heart failure | on June 17, 1997. 


In Burlingame, ‘Mr. Warner was also able to devote himself to civic affairs, 
for which his broad outlook, , enjoy ment of social and economic problems, fine a; 


tact, and personality, peculiarly fitted him. It is notable i in the career of this. 
engineer, absorbed in th the main with the interests and perplexities- of his 


dients , that he also gave generously to public service. An “editorial, pub- 
lished a year before his death testifies to the ‘thorough attention and organ-- 


izing ability, which was an element of his success, , and also. to the appreciation — - 


4 

“When a man has labored faithfully and well in public service, and par- 
ticularly when that service has been unremunerative and has been ‘ae 
i a quiet, unassuming sort of way, a word of praise is not amiss. 
_ “Kdwin H. “Warner, last Monday night, tendered his resignation to the 
City Board of Trustees, after years of duty in the position of Secretary « of | 
the Park and Playground Commission. _ The plain truth of the matter i 


¢ 
that Warner did practically all the work in connection with the stain 


Ee. 


of the Commission and that he accomplished an amazing amount during the 
hie resigned simply because t the duties of ‘the Commission had become 
an increasing burden, encroaching upon his private business, and because — 
two years of free and voluntary labor at such a task certainly entitles a man 


to the privilege of the tosome oneelse. 


all 


li n dvance- Star, “Ma 19, 1926.50 
* Bur Burlingame AC y 926. 
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From | ,. /varner, on his own initiative, made practically a complete survey o i 
the trees in Burlingame. He consulted experts on the culture and dise: 
=f 


of trees, ical the best trees for the city, and approached the entire 


‘problem in a thorough and scientific manner. 


“And the main bur den of the work has been the innumerable big ~sconl 


the service the come sooner or to the tening realiza- 
tion that appreciation of their efforts is very seldom expressed by their fellow 
men and that the general public is relentlessly stingy with its praise. People 
walk miles or write page after page to kick about something, but they usually 
have no time or energy for commendation. _ Bearing this in mind, this is only 
attempt to give a bit of honest praise where it is deserved 


Technic ally, Mr. . Warner was a brilliant Location Engineer. 


work construction his strongest forte” 


initiative He ‘possessed great organizing ability, in which he exercised a_ 
-” personal charm ‘and sense of humor, which appealed not only to his friends, 


but to construction foremen and laborers as well. ‘His tastes were fine; 


w as ‘cultivated ‘and very well ‘read; and an excellent conversationalist. Po 

My a One of the writers had the good fortune, as-City Engineer of Ocean Park 
; and Venice, from 1904 to 1905, to become intimately acquainted with Mr. 


‘ Warner, later following him to Nebraska as an n Assistant on the construction 
of the Tri-State Land Company Canal Project. Mr. Warner was a tall, slen- 


der, erect, handsome man, dignified and | austere on first acquaintance, but" 


possessed of a rare sense of humor and the ability to Rant He frequently — 


organized minstrel shows, acting equally well the part of interlocutor and 


_end- man. In short, he could: play with his | subordinates and at the same 


7 Mr. ‘Warner was married on August 21, 1890, at Seattle, to Frances 
Ferguson, the > daughter of Colonel David Ferguson, a distinguished figure ein 
the Sixties in. n California and later of the American Colony i in the Ci ty y of "g 
Mexico. ‘With sympathy pride in her husband’ engineering achieve; 


ments Mrs. Warner a constant companion in his various eng agements— 
in ‘the Western United States and Mexico. 


Warner elected Member of the American Society of | Civil 


» & 


at 


ha 


1 Thor 


ys 


620388: ‘MEMOIR OF BERTRAND THORP WHEELER ‘[Memoirs. “em 
he r 
the ( 
> _ maintained the consistent policy that these property owners were entitled to 0 0 
——- jan immediate answer. This involved almost daily investigation on his part, icneace 
— - the continual giving of time and energy to the work, and a large amount of he v 
-inat 
“Sire 
was 
jel 
of 
adm 
= 
Rail 
held 
thes 
Cer 
Gg lan 
“tim 
the 
the 
te 
me 
tl 
— an 
Wheeler was born in Lempster, N. H., on November 
1863, the son of Daniel Bingham and Maria Wheeler. His boyhood da 
were spent in Cambridge, Mass., where he attended the public schools 
* Memoir prepared by A. H. Morrill, M. Am. Soc. C. 


Memoirs. OF BERTRAND THORP W HEELER 2039 
he reached the age of 15. In 1879, he entered Dartmouth College at Han- — 
over, N. i. , where he took a scientific course, and was graduated in 1884 w ith” 7 
Wheeler’s first employment was in 1885 as Rodman with» the Old 
| Colony - Railroad Company, now part of ‘the New Haven System. if In 1886, 
was made First Assistant to the Chief Engineer of the “Old Colony”, 
which position he held until 1895. During this period he hed charge of 
gos -track construction, grade separ. ation, and other minor work. He orig- 
inated and promoted the plans: of grades” at Ww est Fourth 


‘Street, Boston, 


From 1895 to 1896, a to “1901, held 
of Superintendent of Streets for the City of Boston under the ‘Republican — 
administrations of Mayors Curtis and Hart, making a a splendid record in this" 
onerous position. He was engaged in private practice from 1896 to 1900. boss 
In 1902 he entered the service of the New York, New Haven, and Hartford 
Railroad Company as Assistant Engineer of Construction, which position he 
held until 1907, when he was made Engineer of Construction. During this 
‘period he had charge of the work i in connection with ith the elimination of grade — a 
“crossings vat Dudley Street, and Savin to (Boston), Park, 


Boston and Railvoa L 1912, he e severed 
these connections and accepted 1 the of Chiat Engincor of the Maine 
Central Railroad Company (succeeding the late Mr. T. L. Dunn), taking 

up his residence at Portland, Me. He was also Chief Engineer of the Port- 


land Terminal Company, a subsidiary of the Maine Central. In this position _ 
was responsible -for the condition of right of way ¢ and structures on more 


than 1100 miles of road, for property valued at nearly $50 000 000, and at 
times he had more than 3 500 men working under his direction. BTL est  &§ 
During his service as Chief Engineer of the Maine Central Railroad, 


under his of ‘the n more notable of which were ‘the double- 
tracking of the main line between Clinton and Waterville, Me., the erection 
railway bridges across the Kennebec River ¢ at Augusta and Fairfield, and 
the construction | of tl the Rigby Terminal Yards, in. South Portland, Me. “ong 
te Mr. Wheeler was a man of brilliant intellect, sound sense, and good judg 
“ment, possessing a rare faculty of analyzing a problem or looking over a plan 
and | intuitively picking out any flaws it might contain. He was s noted for 
‘the courage of his convictions and would stand by his guns under fire. y3 His 
intolerance of incompetency, the b bluntness and directness of his judgments, 
and his ever- constant desire for results often caused him to be misjudged — 
by those who did not know him intimately. associates employees 
could see farther than the rather brusque exterior of the man, recognizing 
prizing his uniform and constant justice, impartiality, loyalty. 
Among them the feeling of sadness for a friend departed is tempered by the — 
thought that his work and his memory will endure. 
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R OF FREDERICK B BAIRD AI ADAMS — 


lied from the operation, the res respite was brief and he failed gradually, passing 
1888, he was’ ‘married to Mabel Cole, the daughter of George Cole, 


vived. left six C. Chicago, IIL. “Allan 
‘T. Wheeler, of Wellesley Hills, M ass., Donald B. Wheeler, of Buffalo, N. Y. 
Mrs. Warren B. King, Mrs. Theodore K. <. Thurston, and Miss Ruth ‘Wheeler, 
of Portland. Wheeler was always a devoted family man ‘and took great 
interest in his summer home which was beautifully located on Great Diamond 


trouble Maine pret Ear Infirmary, i in Portland. Although he ral- 4 


Island in Casco’ Bay, near Portland. Pal 

v was a’ member of the Society of Civil Engineers, the ‘Dart-— 

_ mouth Club of Boston, and the Massachusetts Society of Colonial Wars pee 

Mr. Wheeler elected a Member of the American Society of Civil 


4 


Frederick Baird was born on March 1875, at Pa., 
‘September, 1893, Mr. Adams entered the service the Philadelphia 
and Reading | Railway Company as Rodman, and in March, 1894, he accepted 
a position in the same capacity with Mr. W. Dechant, of Reading. From 
, 1894, to une, 1895, he was a ‘student of civil at 


From May, Mr. Adams ‘served as a in F 
ws 


ve 


the ‘Philadelphia and Reading Railway Company and, in December , he was 
‘appointed as as. at Shamokin, Pa. tes In March, , 1910, he trans 
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Company. in 189%, he was engaged as a lransitman for the City of vead- 
ing in charge of sewer and other municipal work. Subsequently, he was 
| = pointed Engineer in charge of the construction of house sewers for the City | en 
= 
— 
at Reading, which position he held at the time of his death 


“MEMOIR: OF MARIO ‘JOHN 
He fine type of man, fond of home and family, 


with his business associates. He v was s always his duties, 
and ‘showed considerable energy and capacity for work. was 
successful i in the construction of the trackage in the Saint Clair Yards of the 


Reading Company, in 1910, _and for several years 1 ne f ‘His — 


1 


— 


died on November 13 , 1926, at the Homeopathic Hospital, in Reading, 


Mr. _Adams was married on October 6, 1903, to Lulu ,% Felix, of a 


a was a member of the American ‘Railway Engineering Association, 
7 Engineers’ ‘Society | of Pennsylvania, and a Certified Member of the American 
Mr. Adams was elected an Associate Member of the of 

Civil Engineers on August 31, 1925. 


is 
MARIO JOHN MIDOLO, Soe. 


* 26. 


‘of John Midolo, was 
Tialy, « on May 21, "1900, and receive ed his primary education in 
‘native c country. _ When the boy y was seven year years old, the family ¢ came to Amer- 
ica and settled in New York, N. he continued his elementary educa-- 
tion in the public schools. 
well versed i in the English language; but it was not long before. he was sone 
of the most promising students in the school he attende d. 
After remaining in New York about five years, the family removed to 

where Mr. Midolo entered { the@Drexel (Public) School, and 
finished his elementary course i in 1915. . At this time, 

5 education and | his s future profession — was uppermost in ‘his | mind . He then : 
entered the South Philadelphia Manual Training High School and finished 
the course there ’ which brought him nearer his goal, ‘namely, the profession. of 
Civ il | Engineering x He v was omen well up in his class 1 in F ‘ebruary, 1919, 


proved 1 to be another stepping his | ambition, ‘and his. 
untiring efforts and were soon He was graduated 


ch 


in his Midolo first served as Assistant, to the 


Memoir prepared by A. Cotney, Philadelphia, Pa. 
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OF MARIO MIDOLO 


‘Company. Later, he followed Land and was associated w h 
‘Thornton. Hollingshead, of Morristow n, N. J. Shortly afterward he accepted 
a position as F ield Engineer with the Paving of 


to make a permanent connection. Mr. Midolo took the civil 


service examination in connection Ww ith the Bureau of Surveys, City of Phil- 
; adelphia, and was successful in securing an appointment in one of the Dis- 


a — ‘Offices (7th Survey District), where he remained until September 15, 
5. He then accepted ¢ a position as ‘Engineer and Estimator for a — 


Mr. Frank Brennan, ,W ho i is well known ; in ‘South Philadelphia, 


It wa was while i in 1 Mr. Brennan’s employ that ‘Mr. contracted 


= 


= 


and sisters, all residents of Philadelphia. Modest and unassuming, 


and devoted to his family, he was cut off at the beginning of a promising — 


Mr. a Junior of the American Society of Civil Engi- 
neers on December 15, 193 24. He was also” a member of the Penn State Club 


| 
Papers 
> T 
- eompelled to remain at home for a time, but his energy and love for his work Report 
7 took him back to the office. Although ambitious to continue his work, his _ ee 
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